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ABSTRACT 


This  thesis  analyzes  the  impact  of  reducing  transportation  cycle  time  and 
consolidating  aviation  electronic  component  inventory  management  on  the  operational 
availability  of  the  Brazilian  Navy  and  Argentine  Air  Force  A-4  fleets.  The  research  is 
based  on  a  scenario  where  the  Brazilian  Navy  operates  twenty  A-4  aircraft,  while  the 
Argentine  Air  Force  operates  thirty  A-4s,  and  both  countries  rely  on  manufacturers  in  the 
United  States  for  depot-level  maintenance.  The  transportation  tum-around-time  is 
extremely  long  and  the  cost  of  some  inventory  items  is  very  high.  A  simulation  model 
was  developed  representing  the  repair  process  of  a  selected  group  of  A-4  critical 
electromc  components.  This  particular  model  provides  an  effective  managerial  resource 
for  long-term  decision  making  to  improve  the  readiness  of  aircraft  fleet  for  both 
countries.  We  also  developed  a  multiple  regression  analysis  model  (metamodel)  to  find 
the  relationship  between  spare  inventory  levels  and  the  operational  availability.  These 
results  were  applied  to  a  linear  programming  model  to  find  optimal  spare  levels  for  these 
critical  components  by  minimizing  the  total  cost  while  maintaining  the  desirable  military 
readiness.  Through  a  cost-effectiveness  analysis,  we  compared  the  two  situations, 
optimal  spare  levels  with  reduced  transportation  time  and  actual  spare  level  with  current 
transportation  time.  Our  research  concludes  that  both  Armed  Forces  will  improve 
readiness,  while  achieving  significant  savings,  if  they  reduce  the  transportation  time  for 
the  aviation  electronic  components  sent  to  the  United  States  for  depot-level  maintenance, 
and  collaborate  on  the  inventory  management  of  their  A-4  fleets. 
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I.  INTRODUCTION 


A.  BACKGROUND 

The  year  of  1998  has  a  special  meaning  in  the  military  arena  for  two  South 
American  countries.  In  that  year,  the  Argentine  Air  Force  and  the  Brazilian  Navy  added 
power  to  their  fleets  with  the  incorporation  of  the  Douglas  A-4  Skyhawk  aircraft.  On  the 
other  hand,  this  event  represented  the  need  to  build  a  new  infrastructure  from  a 
maintenance  point  of  view.  However,  this  is  a  task  that  caimot  be  accomplished  in  the 
short  term,  especially  for  two  Armed  Forces  that  are  under  great  pressure  to  reduce 
military  infrastructure  costs  and  lower  workforce  levels  due  to  the  economic  recession  in 
both  coimtries.  Since  Argentina  and  Brazil  have  limited  capability  to  repair  complex 
avionic  electronic  components,  they  must  rely  on  manufacturers  in  the  United  States  for 
depot  level  maintenance. 

Greater  reliance  on  sophisticated  avionics,  reductions  in  the  defense  budget  and 
lower  workforce  levels  form  a  precarious  combination  that  both  the  Argentine  Air  Force 
and  the  Brazilian  Navy  must  contend  with  now  and  in  the  future.  This  combination 
requires  that  both  Armed  Forces  repairable-item  inventory  systems  operate  in  a  highly 
efficient  manner  with  regards  to  their  logistical  structures,  managerial  decisions,  and 
budgetary  constraints.  An  effective  repairable-item  inventory  system  must  not  only 
provide  them  with  the  ability  to  maintain  the  desired  level  of  combat  readiness,  but  must 
do  so  at  an  affordable  cost. 
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Similarities  like  the  ones  previous  mentioned  have  provided  a  favorable  scenario 
for  the  development  of  joint  solutions  between  Argentina  and  Brazil.  In  fact,  the  pattern 
of  many  recent  actions  has  shown  that  a  strong  integration  process  is  already  in  place,  and 
any  initiative  heading  towards  this  direction  is  very  welcome. 

B.  PURPOSE 

In  response  to  the  common  needs  of  both  the  Argentine  Air  Force  and  the 
Brazilian  Navy  concerning  the  acquisition  of  the  A-4  aircraft,  this  thesis  presents  a 
collaborative  solution  which  provides  an  effective  managerial  resource  to  support 
inventory  and  transportation  logistics  decisions  in  the  inventory  management  of  their  A-4 
fleet  aircraft  maintenance. 

The  scope  of  the  developed  model  is  broad,  and  it  does  not  intend  to  be  a  solution 
for  a  single  case,  but  to  provide  the  logistics  decision  makers  with  a  decision  support  tool 
for  analyzing  the  operational  availability  of  their  fleets  and  their  related  repairable-item 
inventory  system. 

C.  RESEARCH  QUESTIONS 

The  following  is  a  list  of  primary  research  questions  that  are  addressed  by  this 

thesis: 

•  Can  the  Argentine  Air  Force  and  the  Brazilian  Navy  eliminate  inappropriate 
investments  in  excessive  inventory  levels  of  Line-Replaceable  Units  (LRUs) 
while  increasing  operational  availability  of  the  A-4  aircraft? 

•  Is  a  consolidated  inventory  control  point  for  critical  LRUs  a  feasible  solution 
for  the  Argentine  Air  Force  and  the  Brazilian  Navy?  What  is  the  value  added 
for  establishing  a  consolidated  inventory  control  point  for  both  armed  forces? 
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•  What  are  the  main  effects  of  reducing  transportation  cycle  time?  What  mode 
should  be  used  for  shipping  the  items  in  the  reparable-item  inventory  system? 

D.  METHODOLOGY 

Extensive  archival  research  was  done  through  books,  research  papers,  and 
newspaper  and  Internet  articles.  We  also  examined  military  literature  and  performed  a 
review  on  selected  issues  concerning  Latin  American  security.  The  latter  was 
fundamental  to  show  evidence  regarding  the  positive  and  receptive  environment  that 
currently  exists  for  joint  efforts  among  Latin  American  countries,  and  more  specifically 
between  Brazil  and  Argentina. 

Telephone  interviews  were  also  conducted  with  personnel  from  the  Argentine  Air 
Force  and  the  Brazilian  Navy,  and  relevant  data  was  collected  trough  e-mails.  We  visited 
the  Argentine  A-4  Aircraft  Program  representative  office  in  Palm  Dale,  California  where 
A-4  avionic  components  data  was  gathered.  In  order  to  better  imderstand  the  operations 
of  a  depot  level  maintenance  facility,  we  conducted  personal  interviews  during  an  on-site 
visit  to  the  United  States  Naval  Aviation  Depot-North  Island  in  San  Diego,  California. 
Key  personnel  involved  in  those  interviews  were  the  Fleet  Support  Team  Leader  [Ref.  1], 
engineers  and  some  logisticians. 

With  all  information  in  hand,  we  used  a  simulation  software  package  (Arena)  to 
develop  a  model  representing  the  repair  process  of  a  selected  group  of  A-4  critical 
electronic  components.  This  particular  model  is  an  effective  tool  for  long-term  decision 
making  to  improve  readiness  for  both  coimtries.  We  also  developed  a  multiple  regression 
analysis  model  (metamodel)  to  find  the  relationship  between  spare  inventory  levels  and 
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the  operational  availability.  These  results  were  applied  to  a  linear  programming  model  to 
find  optimal  spare  levels  for  these  critical  components  by  minimizing  the  total  cost  while 
maintaining  the  desirable  military  readiness.  Ultimately,  we  compared  the  current 
scenario  to  a  proposed  one  in  order  to  show  the  results  of  a  reduction  in  inventories  and 
transportation  cycle  time  on  a  consolidated  model.  In  addition  to  Arena,  other  software 
such  as  Microsoft  Excel,  QM  for  Windows,  and  Crystal  Ball  were  fundamental  in 
achieving  results  for  this  thesis. 

E.  ORGANIZATION  OF  STUDY 

Chapter  II  provides  a  review  of  Argentine-Brazilian  relations.  It  shows  that 
consolidation  of  efforts  and  joint  trading  are  goals  that  Argentina  and  Brazil  are  pursuing. 
Chapter  III  discusses  the  similarities  and  differences  between  the  two  A-4  Aircraft 
Repairable-Item  Inventory  Systems.  To  provide  the  reader  with  backgrovmd  information 
about  technical  expressions  and  meanings,  we  dedicated  part  of  this  chapter  to  the 
definition  of  essential  terms.  Chapter  IV  presents  all  the  information  about  the 
development  of  our  simulation  model.  Simulation  assumptions  and  model  descriptions 
are  included  here.  With  the  complete  model  from  Chapter  IV,  Chapter  V  discusses 
running  the  simulation  model  as  a  coalition  model,  where  we  propose  consolidating 
aviation  electronic  component  inventory  management  for  the  Brazilian  Navy  and  the 
Argentine  Air  Force  A-4  fleets.  Chapter  VI  suggests  a  reduction  in  transportation  cycle 
time  for  the  coalition  model.  Effects  on  operational  availability  for  both  countries  are 
covered.  Chapter  VII  delineates  the  multiple  regression  analysis  model  (metamodel)  used 
to  guide  the  sensitive  analysis  performed  on  the  following  chapter.  With  the  metamodel 
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provided  from  Chapter  VII,  we  populated  Chapter  VIII  Avith  valuable  information  for  the 
decision  makers.  First,  informative  graphics  were  added  in  order  to  provide  illustrative 
analysis  for  the  dilemma  “number  of  spares  vs.  operational  availability.”  Then,  a  linear 
programming  concept  is  reviewed  and  applied  on  a  cost  minimization  problem.  Chapter 
IX  provides  cost-effectiveness  analysis  where  the  current  scenario  is  compared  to  a 
proposed  one.  The  final  chapter.  Chapter  X,  presents  conclusions  and  recommendations. 
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II. 


ARGENTINE-BRAZILIAN  RELATIONS 


A.  CHAPTER  OVERVIEW 

Argentina  and  Brazil  have  an  interesting  bilateral  cooperation  history,  especially 
in  economic  and  military  issues.  Since  1979,  when  their  respective  military  regimes 
resolved  the  hydroelectric  conflict  concerning  Paraguay  and  the  use  of  the  Parana  River 
waters  (the  building  of  the  Itaipu  dam),  an  escalation  of  efforts  and  decisions  have  been 
successfully  developed  and  implemented  towards  the  stabilization  of  the  economic 
cooperation  and  integration  process.  [Ref  2] 

This  chapter  presents  a  brief  overview  of  the  relevant  aspects  involved  in 
Argentine-Brazilian  relations  that  guarantee  a  very  positive  and  receptive  environment  to 
embrace  the  core  idea  of  inventory  consolidation  embedded  in  this  research  paper. 

B.  ECONOMIC  COOPERATION 

On  30  November  1985  Presidents  Alfonsin  (Argentina)  and  Samey 
(Brazil)  met  at  Foz  do  Igua9u  to  inaugurate  a  programme  that  took  a 
concrete  form  on  July  31,  1986,  with  the  signing  of  the  Argentine- 
Brazilian  Integration  Act  and  the  Integration  and  Cooperation  Program 
(ABEIP),  together  with  12  protocols  for  cooperation  in  various  areas.  The 
ABEIP  represented  a  breakthrough  in  their  bilateral  relations,  after  a 
century-long  struggle  for  subparamormtcy  in  South  America.  Its 
significance  was  primarily  political,  not  economic:  setting  aside  decades 
of  rivalries  and  competition  in  order  to  create  the  basis  for  a  long-term 
cooperation.  [Ref.  2] 

To  supplement  and  improve  their  former  agreements,  Brazil  and  Argentina  signed 
a  Treaty  for  Integration,  Cooperation  and  Development  in  1988  that  set  the  stage  for  a 
common  market  between  the  two  countries  with  the  gradual  elimination  of  all  tariff 
barriers  and  harmonization  of  the  macro-economic  policies  of  both  nations  within  the 
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timeframe  of  ten  years.  It  was  further  established  that  this  agreement  would  be  open  to 
all  other  Latin  American  countries.  After  the  addition  of  Paraguay  and  Uruguay  a  new 
treaty  was  signed  by  all  four  countries  on  March  26,  1991  in  Asuncion,  Paraguay  which 
provided  for  the  creation  of  a  common  market  among  the  four  participants  to  be  known 
as  the  Southern  Common  Market  (Mercosur).  Chile  later  joined  the  Mercosur. 

C.  EDUCATIONAL  INTEGRATION 

Based  on  the  premise  that  education  is  a  ftmdamental  factor  in  the  regional 
integration  process,  educational  courses  at  the  primary  or  junior  high  level-provided  that 
they  do  not  entail  technical  studies—  will  be  recognized  by  member  states  as  being  on  the 
same  level  for  all  member  nations. 

Likewise,  in  order  to  permit  continuing  education,  certificates  proving  course 
conclusion  issued  by  an  ofiScial  institution  accredited  in  one  of  the  member  states  will  be 
valid  in  all  other  member  states. 

Non-technical  primary  and  junior  high  level  studies  that  have  not  been  completed 
will  be  accredited  by  any  member  state,  thereby  allowing  course  conclusion  in  another 
member  nation.  Studies  will  be  completed  using  an  equivalency  table  to  determine  the 
level  achieved.  [Ref  3] 

In  August  1998  the  Brazilian  Senate  unanimously  voted  to  make  Spanish  a 
mandatory  subject  for  the  6.5  million  secondary  students  in  Brazil.  Meanwhile,  there  is  a 
similar  plan  for  Argentina.  In  spite  of  its  enormous  financial  difficulties,  the  Argentine 
educational  system  has  more  than  8,200  professors  to  be  selected  to  teach  Portuguese. 
For  the  year  2000,  many  of  the  6000  secondary  schools  of  Argentina,  especially  in  the 
provinces  of  the  Northeast,  will  begin  to  teach  Portuguese.  [Ref.  4] 
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D.  MILITARY  COOPERATION 


The  process  of  economic  integration  of  the  Mercosur  generated  a  political 
approach  that  deactivated  any  hypothesis  of  armed  conflicts  between  Argentina  and 
Brazil.  The  military  participation  in  this  process  of  integration  was  considered  as 
essential  for  both  governments.  An  example  of  military  participation  occurred  when  the 
four  Brazilian  and  three  Argentine  military  ministers  were  brought  together  for  the  first 
time  at  the  1985  Foz  Iguacu  summit.  At  that  time,  they  established  the  basis  for 
subsequent  negotiations. 

In  1986,  an  integration  pact  initiated  cooperative  ventures  in  the  defense  industry, 
including  joint  production,  technical  data  sharing,  and  reciprocal  subcontracting  in  the 
joint  development  and  production  of  a  tactical  transport  aircraft,  the  CBA-123.  Beyond 
commercial  gains,  policy  makers  sought  through  this  project  to  create  a  web  of 
interrelated  defense  interests  and  to  symbolize  the  end  of  military  rivalry  [Ref  5].  In 
April  1987,  the  Samey  and  Alfonsin  governments  initiated  annual  symposiums  of  their 
respective  joint  chiefs  of  staff  of  the  armed  forces  to  facilitate  communication  and 
overcome  history  by  reciprocal  threat  scenarios.  While  restricted  in  scope,  military 
cooperation  served  as  “one  of  the  guarantees  of  the  process  of  integration,  because  it  is 
the  most  appropriate  road  to  commit  the  Brazilian  and  Argentine  armed  forces,  through 
mutual  understanding  to  democracy”  [Refs.  6  and  7] 

In  the  middle  of  the  decade  of  the  1980s,  the  Brazilian  Armed  Forces  decided  to 
abandon  the  concept  of  Argentina  and  Brazil  being  strategic  enemies  destined  therefore 
to  be  continuously  preparing  to  be  at  war.  As  a  result  of  this  change,  the  Brazilian  Army 
units  that  were  deployed  on  the  border  with  Argentina  were  transferred  to  the  Amazon. 
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Nowadays,  the  defense  of  the  Amazon  is  the  main  concern  of  the  Brazilian  national 
defense. 

In  April  1997,  President  Carlos  Menem  and  his  Brazilian  counterpart  Fernando 
Henrique  Cardoso  signed  an  agreement  that  declares  a  “strategic  alliance”  between  both 
coimtries  to  assure  a  common  framework  for  regional  security.  In  order  to  give  impetus 
to  this  strategic  alliance,  the  presidents  established  the  “mechanism  of  consultation  and 
coordination  in  defense  and  international  security  matters”  that  began  to  work  for  the  first 
time  in  Rio  de  Janeiro  in  August  of  1997. 

With  this  approach  between  their  militaries,  Argentina  and  Brazil  have  been 
looking  to  fortify  the  Mercosur  politically .  The  idea  is  to  generate  new  signals  of  mutual 
confidence,  such  as  more  joint  military  maneuvers,  interchange  of  information, 
cooperation  in  peace  missions,  common  positions  in  the  international  forums,  between 
both  countries.  An  example  of  this  took  place  in  October  1997  when  joint  military 
maneuvers  took  place  in  Corrientes,  one  of  the  northeastern  states  of  Argentina,  between 
both  the  Argentine  and  the  Brazilian  Armies.  Later,  in  December  1997,  joint  military 
maneuvers  between  both  Navies  took  place  in  the  Atlantic  Ocean  (ARAEx  operation),  at 
almost  150  kilometers  fi-om  the  Bahia  Blanca  coast  in  Argentina.  Brazil  participated  with 
its  aircraft  carrier  “Minas  Gerais”,  and  Argentina  with  its  naval  aviation.  The  military 
drills  were  done  under  joint  Brazilian- Argentine  command. 

E.  THE  FUTURE 

The  future  of  Argentine-Brazilian  relations  are  summarized  in  the  follo^ving 
public  expression  firom  the  highest  authorities  of  both  countries: 

In  1997,  in  Rio  de  Janeiro,  president  Menem  and  I  registered  the  mutual 

disposition  to  build  a  Strategic  Alliance  between  Brazil  and  Argentina. 
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We  will  not  move  away  from  this  intention.  The  Mercosur  is  our  most 
important  project  of  external  policy.  Its  economic-commercial  dimension 
became  essential  for  the  progress  of  our  coimtries.  But  we  also  valorize 
the  Mercosur  by  its  political  dimension  of  long  term.  By  keeping  and 
deepening  this  course  of  integration,  we  will  guarantee  a  better  insertion  in 
the  international  system  for  us  and  our  children.  [Fernando  Henrique 
Cardoso,  President  of  Brazil;  [Ref  8] 

The  recently  elected  President  of  Argentina,  Fernando  De  la  Rua,  publicly 
expressed  last  November  4*,  on  his  first  visit  to  Brasilia,  the  willingness  to  strengthen  the 
Mercosur  and  the  South  Atlantic  Defense.  In  addition,  he  and  the  Brazilian  President 
annoimced  the  idea  of  developing  joint  Argentine-Brazilian  Consulates  that  will  start 
being  implemented  in  South  East  Asia  at  the  beginning  of  next  year.  This  idea,  once 
implemented,  not  only  will  result  in  economic  benefits  for  both  countries  but  also  will 
promote  the  Mercosur  among  the  international  community.  [Ref  9] 

F.  CHAPTER  SUMMARY 

This  chapter  showed  the  strong  process  of  integration  between  Brazil  and 
Argentina.  This  integration  covers  not  only  economic  subjects  such  as  a  common 
economic  market,  but  also  it  includes  educational  and  military  cooperation  among  others. 
This  close  relationship  is  being  reinforced  by  the  concrete  actions  taken  by  the  authorities 
of  both  countries  at  present  and  envisioning  the  future. 

The  integration  provides  a  strong  argument  in  developing  the  idea  of  military 
inventory  consolidation  such  as  the  one  that  in  particular  is  developed  in  this  paper  for 
the  A-4  aircraft  fleets  of  the  Brazilian  Navy  and  the  Argentine  Air  Force.  The  benefits  of 
close  cooperation  and  sharing  of  resources  between  the  two  countries  are  the  core  of  this 
paper. 
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III.  CHARACTERISTICS  OF  THE  ARGENTINA  AND  BRAZIL’S 
REPAIRABLE-ITEM  INVENTORY  SYSTEMS 

A.  CHAPTER  OVERVIEW 

The  purpose  of  this  chapter  is  to  provide  an  understanding  of  a  military 
repairable-item  inventory  system,  and  make  the  reader  familiar  with  the  similarities  and 
differences  between  the  Argentina  and  Brazilian  systems.  However,  it  seems  appropriate 
to  direct  some  attention  to  the  terminology  before  proceeding.  Thus,  a  few  terms  and 
definitions  are  discussed  to  provide  the  reader  with  the  fimdamentals  needed  to  better 
imderstand  the  material  presented  in  this  chapter. 

B.  MILITARY  REPAIRABLE-ITEM  INVENTORY  SYSTEMS 

1.  System  Description 

A  repairable-item  inventory  system  is  used  for  controlling  items  that  are  generally 
very  expensive  and  have  long  acquisition  lead  times.  A  standard  military  repairable-item 
inventory  system  consists  of  a  repair  facility  (depot)  dedicated  to  support  one  or  more 
locations  (bases)  where  equipment  (aircraft)  is  assigned.  Over  time,  equipment 
malfimctions  occm  due  to  the  failure  of  a  specific  item  (avionics)  internal  to  the 
equipment.  A  corresponding  serviceable  item  is  then  obtained  from  an  inventory  location 
(rotable  pool)  and  installed  on  the  malfimctioning  equipment,  thereby  restoring  it  to  full 
operational  capability.  The  failed  item  is  tracked  as  it  is  shipped  to  the  repair  facility. 
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scheduled  for  repair,  and  subsequently  shipped  in  a  serviceable  condition  back  to  the 
original  rotable  pool. 

2.  Definitions  of  Essential  Terms 

a.  LRU  (Line-Replaceable  Unit) 

A  line-replaceable  unit  is  one  avionics  subassembly  considered  essential 
for  the  Douglas  A-4  Skyhawk  aircraft  to  perform  its  primary  flying  mission.  Examples  of 
LRUs  are  digital  mission  computers,  radar  altimeters  and  so  on. 

b.  SRU  (Shop-Replaceable  Unit) 

Each  LRU  contains  subcomponents  which  are  defined  as  shop-replaceable 
units.  Examples  of  SRUs  include  circuit  cards,  high  voltage  power  supplies  and  so  on. 

c.  Rotable  Pool 

A  rotable  pool  (RP)  is  a  stockpile  of  spare  parts,  either  LRUs  or  SRUs, 
that  provides  a  spare  in  serviceable  condition  to  facilitate  a  quick  repair  of  a  faulty 
component.  Therefore,  whenever  there  is  a  faulty  component  it  can  be  quickly  repaired 
and  installed  in  the  aircraft  without  waiting  for  the  actual  faulty  LRU/SRU  to  be  repaired. 

d.  Operational  Availability 

Operational  Availability,  commonly  referred  to  as  “Ap”,  is  the  key 
performance  parameter  of  a  logistics  support  system.  Here  is  Blanchard’s  definition  of 

Aq: 

Operational  availability  is  the  probability  that  a  system  or  equipment, 
when  used  under  stated  conditions  in  an  actual  operational  environment, 
will  operate  satisfactorily  when  called  upon.  [Ref.  10:p.  81] 


The  following  equation  shows  how  is  expressed. 

Ao  =  MTBM  /  (MTBM  +  MDT) 

MTBM  is  the  mean  time  between  mamtenance  and  MDT  is  the 
maintenance  downtime  [Ref.  10:p.  81].  Therefore,  we  can  see  a  direct  relation  showing 
that  whenever  the  MDT  becomes  less,  Ao  becomes  greater.  Note  that  MDT  constitutes 
the  total  elapsed  time  required  to  repair  and  restore  an  equipmenh'system  to  full  operating 
status,  thus  including  mean  active  maintenance  time,  logistics  delay  time,  and 
administrative  delay  time  [Ref.  10:p.  58]. 

e.  Levels  of  Maintenance 

“Maintenance  level  pertains  to  the  division  of  functions  and  tasks  for  each 
area  where  maintenance  is  performed.”  [Ref  10:p.  116] 

According  to  Blanchard  [Ref  10],  there  may  be  two,  three,  or  even  four 
levels  of  maintenance  depending  on  the  nature  and  mission  of  the  system.  This  study  is 
focused  on  a  three-level  maintenance  concept,  in  which  maintenance  may  be  classified  as 
organizational,  intermediate,  and  depot. 

Organizational  level  maintenance,  or  0-level  maintenance,  is  performed  at 
the  operational  site  (squadron).  Basically,  it  involves  tasks  related  to  the  support  of  its 
own  operation,  and  the  removed  components  are  normally  forwarded  to  the  intermediate 
level. 

At  the  Intermediate  level  maintenance,  or  I-level  maintenance,  end  items 
may  be  repaired  by  the  removal  and  replacement  of  major  modifies,  assemblies  or  piece 
parts.  For  instance,  this  is  the  kind  of  maintenance  performed  by  Aircraft  Intermediate 
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Maintenance  Departments  ashore  in  either  naval  air  stations  (Navy)  or  bases  (Air  Force), 
or  afloat  in  aircraft  carriers  (Navy). 

Finally,  the  Depot  level  maintenance,  or  D-level  maintenance,  constitutes 
the  highest  type  of  maintenance.  Also  called  supplier  or  manufactures  maintenance,  this 
level  of  maintenance  supports  O-  and  I-level  activities.  Thus,  tasks  accomplished  here 
included  performing  maintenance  beyond  the  capabilities  of  maintenance  (BCM)  of  those 
two  previous  levels.  The  depot  facilities  are  generally  remotely  located  to  support 
specific  geographical  area  needs  or  designated  product  lines. 

C.  ARGENTINA  AND  BRAZIL’S  A-4  AIRCRAFT  REPAIRABLE-ITEM 

INVENTORY  SYSTEMS 

The  existing  systems  in  both  countries  have  many  similar  characteristics.  They 
are  mainly  based  on  the  system  used  in  the  United  States  Navy.  Basically,  when  a 
repairable  item  fails,  a  corresponding  serviceable  item  is  obtained  from  an  inventory 
location  at  the  base  and  installed  on  the  aircraft;  thereby  restoring  it  to  fully  mission 
capability.  Some  of  the  repairable  items  can  be  repaired  in  Brazil  and  Argentina 
depending  on  the  maintenance  level  required.  We  can  assume  the  same  three  levels  of 
maintenance  previously  mentioned  for  Brazil’s  and  Argentina’s  A-4  aircraft  maintenance 
programs.  At  present,  the  Depot-level  maintenance  for  the  LRUs/SRUs  considered  in 
this  thesis  takes  place  in  the  United  States.  The  cycle  time  from  the  moment  that  a  failure 
is  detected  until  the  moment  when  the  item  returns  to  the  base  in  a  serviceable  condition 
is  anywhere  from  three  to  six  months.  The  long  tumaroimd  times  adversely  affect  the 
readiness  of  A-4  squadrons. 
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1.  Argentine  A-4  Aircraft  Repairable-Item  Inventory  System 

Due  to  the  technological  complexity  of  its  A-4  aircraft  upgraded  version,  the 
Argentine  Air  Force  does  not  have  depot  level  maintenance  capabilities  for  the  repair  of 
the  LRUs/SRUs  under  study.  Once  an  LRU  fails,  a  corresponding  serviceable  item  is 
obtained  from  an  inventory  location  (rotable  pool)  located  at  the  base  v^here  the  A4  are 
deployed,  and  installed  in  the  failed  aircraft;  thereby  restoring  it  to  full  operational 
capability.  These  maintenance  actions  are  considered  to  be  at  the  organizational 
maintenance  level. 

The  failed  item  is  submitted  to  the  intermediate  level  maintenance.  If  depot  level 
maintenance  is  required,  the  item,  either  the  LRU  or  the  SRU,  is  forwarded  to  a  main 
depot  and  from  there  to  a  repair  facility  located  in  the  United  States,  where  they  are 
scheduled  for  repair,  and  subsequently  returned  in  serviceable  condition  to  the  Air  Force 
Base  (A.F.B.). 

The  main  steps  followed  by  the  LRUs/SRUs  from  transport  from  the  intermediate 
repair  facility  to  the  depot  repair  facility  now  include  administrative,  transportation  and 
repair  delays  such  as  forms  preparation,  packing  and  transportation  to  a  main  depot, 
exportation  forms  preparation  and  custom  inspections  in  Argentina  and  in  the  United 
States,  transportation  by  ship  both  ways,  warranty  acceptance  processes,  receipt  at  the 
main  depot,  transportation  to  the  A.F.B.  and  receipt  of  the  LRUs/SRUs. 

2.  Brazilian  A-4  Aircraft  Repairable-Item  Inventory  System 

The  Brazilian  Skyhawks  were  officially  added  to  the  Navy’s  inventory  in  October, 
1998.  They  were  purchased  from  Kuwait  for  operation  from  the  aircraft  carrier  Minas 
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Gerais  (A-11).  Therefore,  the  operational  environment  is  probably  the  main  difference 
that  exists  between  the  Brazilian  and  Argentine’s  A-4s,  since  the  Brazilian  Navy  A-4s 
will  be  more  exposed  to  the  sea  elements  and  because  of  the  stress  involved  in  aircraft 
carrier  takeoffs  and  landings. 

Currently,  the  supporting  infrastructure  and  aircraft  maintenance  programs  are 
being  finalized.  Training  of  Brazilian  Skyhawk  pilots  is  being  conducted  in  both 
Argentina  and  the  United  States.  Many  avionics  components  are  scheduled  for  upgrading 
soon,  just  as  the  Argentine  Air  Force  has  done  with  their  components.  Maintenance 
procedures  are  also  very  similar  to  Argentina’s,  and  the  steps  to  be  followed  for  shipping 
a  faulty  item  to  a  main  depot  and  from  there  to  aborad  are  quite  comparable.  Thus,  for 
the  purpose  of  this  study,  they  are  assumed  to  be  the  same  in  terms  of  what  to  do  and 
where  to  be  sent.  In  this  scenario,  there  is  just  one  naval  air  station,  where  the  Brazilian 
A-4  squadron  (VF-1)  is  located. 

D.  CHAPTER  SUMMARY 

This  chapter  provided  information  regarding  to  the  concept  of  repairable-item 
inventory  system,  mainly  focusing  on  the  Argentine  and  Brazilian  A-4  Aircraft 
Repairable-Item  Inventory  Systems.  Essential  terms  as  operational  availability  and 
rotable  pool  were  defined  and  the  different  levels  of  maintenance  were  discussed. 

The  next  chapter  presents  the  development  of  our  simulation  model. 
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IV.  SIMULATION  MODEL  DEVELOPMENT 


The  simulations  are  powerful  “what-if  ’  models,  relating  unit  achievement 
to  the  nature  of  its  tasking,  methods  of  operation  and  levels  of  logistic  and 
other  support.  Such  models  can  be  used  at  any  stage  in  the  life  cycle  of 
the  equipment.  [Ref  11] 

A.  CHAPTER  OVERVIEW 

Chapter  III  presented  an  overview  of  repairable-item  inventory  systems 
emphasizing  the  procedures  used  currently  in  Brazil’s  and  Argentina’s  A-4  Aircraft 
Repairable-Item  Inventory  Systems.  The  information  provided  is  used  in  this  chapter  in 
order  to  develop  the  simulation  model.  In  fact,  it  represents  the  scenario  on  which  our 
model  is  based. 

Chapter  IV  includes  a  brief  review  of  the  Arena  simulation  software,  data  source 
of  all  information  presented,  model  description,  list  of  the  assumptions  made  in  order  to 
use  the  model,  model  validation,  and  results.  These  are  essential  in  building  a  baseline  to 
further  assess  and  draw  conclusions  for  the  study. 

B.  SIMULATION  WITH  ARENA 

At  this  point,  we  want  to  add  some  comments  about  the  simulation  software 
package  used  to  develop  our  model. 

To  attain  the  purpose  of  this  thesis,  we  needed  a  tool  that  not  only  would  mimic 
the  behavior  of  oin  real  systems,  but  would  also  perform  a  simulation  analysis.  Arena 
software,  developed  by  Systems  Modeling  Corporation  and  Optimization  Technologies, 
Inc.  was  chosen  because  of  its  powerful  modeling  capabilities.  Arena  also  exploits  a 
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heritage  of  power  simulation  software  in  a  natural,  graphical  interface.  According  to  its 

creators.  Arena  enables  process  improvement  by  simulating  core  business  functions  in 

computer  models  and  allowing  users  to  analyze  alternative  scenarios  [Ref.  12], 

From  a  practical  viewpoint,  simulation  is  the  process  of  designing  and 
creating  a  computerized  model  of  a  real  or  proposed  system  for  the 
purpose  of  conducting  numerical  experiments  to  give  us  a  better 
understanding  of  the  behavior  of  that  system  for  a  given  set  of  conditions. 

[Ref.  13:p.  7] 

Nowadays,  since  computers  and  software  are  extremely  powerful  and  have 
provided  the  users  with  user-fiiendly  interface  capability  there  was  no  doubt  in  choosing 
a  computer  simulation  software  to  develop  our  model. 

With  Arena,  we  built  our  model  representing  the  repair  process  of  a  selected 
group  of  A-4  critical  electronic  components.  By  using  many  available  icons  and 
connecting  lines,  we  were  able  to  mimic  the  actual  movement  of  entities  through  the 
system.  With  this  graphic  approach,  the  user  can  visualize  the  model  as  he  would 
visualize  the  real  system. 

C.  DATA  SOURCE 

As  we  previously  mentioned,  the  incorporation  of  the  Douglas  A-4  Skyhawk 
aircraft  happened  during  the  year  of  1998.  However,  some  collection  of  data  required 
observations  covering  periods  more  than  a  year.  Since  Argentina  and  Brazil  were  not 
able  to  fill  our  needs  completely  we  targeted  other  available  sources  with  similar 
electronic  components.  In  fact,  one  of  these  available  sources  was  the  U.S.  Navy.  The 
observed  procedures  during  an  on-site  visit  to  the  U.S.  Naval  Aviation  Depot-North 
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Island,  California  and  the  data  collected  were  fundamental  in  accomplishing  this  study. 
The  statistical  distributions  were  determined  by  applying  the  gathered  data  to  the  data 
input  analyzer  tool  in  Arena. 

D.  MODEL  DESCRIPTION 

The  information  supplied  from  the  previous  chapter  generated  the  basic  scenario 
in  which  our  model  takes  place.  Now,  we  are  going  to  describe  in  more  detail  the  repair 
process  and  provide  any  missing  information  that  applies  to  our  model. 

The  Argentine  Air  Force  has  thirty  A-4  aircraft  and  maintains  one  Aircraft 
Intermediate  Maintenance  Department  (AIMD).  At  present,  the  Brazilian  Naval  Air 
Station  has  also  just  one  AIMD,  since  the  aircraft  carrier  Minas  Gerais  (A-11)  is  still 
undergoing  upgrading  and  remodeling.  The  Brazilian  Navy  has  twenty  A-4  aircraft. 

We  xmderstand  that  there  are  differences  between  the  A-4  aircraft  models  acquired 
by  the  two  countries.  In  this  study,  we  focused  our  attention  on  similarities  and  we 
assmned  the  completion  of  equipment  upgrading  that,  in  reality,  is  still  in  process  mainly 
for  the  Brazilian  Navy. 

There  are  five  specific  rotable  pools,  one  for  each  critical  LRU.  To  allow  an 
easier  interpretation  of  the  model,  the  following  correlation  has  been  made: 

Actual  LRU  name  Correlated  name  that  appears  in  the  model 


Digital  Mission  Computer  (DMC) 

LRU  1 

Radio  Altimeter  (HALT) 

LRU  2 

Air  Data  Computer  (ADC) 

LRU  3 

Inertial  Navigation  Unit  (INU) 

LRU  4 

Head  up  Display  Unit  (HDU) 

LRU  5 
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We  are  also  considering  two  specific  rotable  pools,  one  for  each  critical  SRU. 
The  main  reason  why  these  two  SRUs  were  selected  is  because  of  their  significant 
relationship  with  the  failure  of  the  LRU  of  which  each  of  them  pertain.  For  modeling 
interpretation  purposes  only,  we  are  assuming  the  following  correlation: 

Actual  SRU  name  Correlated  name  that  appears  in  the  model 

Torque  Drive  Power  Supply  Module  1  SRU_2 

Sensor  Assembly^  SRU_4 

Table  4.1  presents  the  assiuned  level  for  each  LRU  rotable  pool,  as  well  as  for 
each  of  the  two  SRU’s.  Note  that  AAF  stands  for  Argentine  Air  Force,  while  BN  stands 
for  Brazilian  Navy. 


Armed  Force 

AAF 

3 

2 

2 

3 

3 

3 

5 

BN 

2 

3 

3 

2 

2 

7 

5 

Table  4.1.  LRU/SRU  Rotable  Pool  Levels. 


Flight  hour  rates  per  aircraft  are  assumed  to  be  thirty  hours  per  month  on  average 
for  both  A-4  fleets.  Based  on  these  observations,  LRUs  fail  according  to  Table  4.2 


*  The  Torque  Drive  Power  Supply  Module  is  a  subcomponent  of  the  Radio  Altimeter,  which  is  identified 
as  LRU_2  during  the  simulation. 


2  The  Sensor  Assembly  is  a  subcomponent  of  the  Inertial  Navigation  Unit,  which  is  identified  as  LRU_4 
during  the  simulation. 
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following  exponential  distributions  with  MTBF  (mean  time  between  failures)  as 
specified. 


MTB^jfdays)  - 

;  Distribiition .  ! 

,V.;  -.-'V'V  ’"'I* 

LRU_1 

220.5 

Exponential 

147.0 

Exponential 

LRU_2 

270.0 

Exponential 

Exponential 

LRU_3 

174.0 

Exponential 

Exponential 

LRU_4 

146.0 

Exponential 

97.4 

Exponential 

LRU_5 

272.0 

Exponential 

181.0 

Exponential 

Table  4.2.  LRUs’  Mean  Time  Between  Failures. 


When  a  LRU  fails,  a  RFI  (ready-for-issue)  LRU  from  the  RP  is  installed.  The 
faulty  LRU  becomes  an  input  to  the  AIMD  to  be  repaired  and  returned  to  the  RP  as  a  RFI 
item.  The  time  for  removal/installation  of  LRU  has  triangular  distribution  with 
(0.250,0.375,0.500)3  days.  Time  for  inspection  to  determine  the  appropriate  level  of 
maintenance  (i.e.  I-level  or  D-level  maintenance)  follows  a  uniform  distribution 
UNIF(0. 125,0.375)^,  measured  in  days.  Table  4.3  provides  the  percentage  of  the  LRUs  at 
AIMD  that  are  considered  BCM  (beyond  capability  of  maintenance)  and  are  sent  abroad 
(D-level  maintenance). 


3  TRIACvalj.valj.valj)  =  Triangular  distribution,  where  valj  is  the  minimum  value,  vah  is  the  mode  value, 
and  valj  is  the  maximum  value. 

^  UNIF(val„val2)  =  Uniform  distribution,  where  val,  is  the  minimum  value  and  vah  is  the  maximum  value. 
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Percentage  of  LR0S  cbii 

LRU_1 

70% 

LRU_2 

88% 

LRUJ 

80% 

LRU_4 

66% 

LRUJ 

1  69% 

Table  4.3.  Percentages  of  LRUs  at  AIMD  Considered  BCM. 


When  one  LRU  fails,  and  there  is  no  RFI  LRU  available  from  the  rotable  pool,  the 
aircraft  will  be  grounded  until  a  RFI  LRU  is  available.  Ninety-nine  percent  of  all  LRU_2 
failures  are  due  to  a  failure  on  SRU_2.  Similarly,  fifty-three  percent  of  all  LRU_4 
failures  are  due  to  a  failure  on  SRU_4.  All  faulty  SRU  is  considered  beyond  capability  of 
maintenance,  and  is  shipped  abroad  for  repairing.  The  situation  for  replacing  a  faulty 
SRU  is  very  similar  to  the  replacement  of  a  faulty  LRU,  i.e.  whenever  the  LRU  failure  is 
related  to  a  SRU  problem,  a  RFI  SRU  from  the  RP  is  installed,  and  then  the  LRU  is  in 
ready-for-issue  condition  again.  The  time  for  removal/installation  of  SRU  has  triangular 
distribution  with  (0.25,1.00,1.50)  days.  Time  for  inspection  to  analyze  the  SRU  failure, 
and  to  determine  which  SRU  is  responsible  for  the  LRU  failure  follows  a  uniform 
distribution  UNIF(0.25,1.00),  measured  in  days. 

When  the  LRU  failure  is  not  related  to  failure  of  one  of  the  specific  SRU  previous 
mentioned,  the  time  to  repair/replace  the  faulty  part  at  AIMD  follows  the  distribution 
presented  in  Table  4.4.  MTTR  (mean  time  to  repair/replace)  is  as  specified. 
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MTTR(days)  '  '' 

LRU_1 

EXPO  (1.040)5 

LRU_2 

LOGN(0.4 10,0.260)6 

LRU_3 

EXPO(1.120) 

LRU_4 

EXPO(0.364) 

LRU_5 

EXPO(1.725) 

Table  4.4.  Mean  Time  to  Repair/Replace  Faulty  LRUs  at  AIMD. 


Table  4.5  presents  the  time  spent  when  a  faulty  part  is  sent  abroad  for  repairing. 


Northbound  route  -  administrative 
process  (including  warranty  verification 
process  time)  plus  transportation. 

UNIF  (30,45) 

Southbound  route-  administrative 
process  plus  transportation. 

UNIF  (20,40) 

Repairing  LRU  at  D-level 

UNIF  (30,90) 

Repairing  SRU  at  D-level 

UNIF  (30,90) 

Table  4.5.  Total  time,  expressed  in  days,  consumed  for  repair  a  faulty  part  abroad 


(transportation  mode;  sea  mode). 

Figure  4.1  shows  the  flowchart  of  the  model  previously  described,  concerning  the 
repair  process  for  LRU  l,  3  and  5.  Figure  4.2  presents  the  flowchart  of  the  model 
previously  described,  but  it  concerns  the  repair  process  for  LRU_2  and  4.  Note  that  in 
Figure  4.2  we  included  testing  of  the  SRU_2  and  4.  As  previous  observations  showed, 
there  is  significant  relationship  between  them  and  the  failure  that  occurred  on  each  LRU 
they  belong  to  which  means  that  most  of  the  time  when  a  respective  LRU  fails,  the  failure 
is  due  to  one  of  these  two  SRUs,  whichever  applies. 


^  EXPO(val,)  =  Exponential  distribution,  where  val,  is  the  mean. 


^  LOGNfvalijVah)  =  Lognormal  distribution,  where  val,  is  the  mean  and  vali  is  the  standard  deviation. 
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Appendix  A  includes  a  static  view  of  the  simulation  model  animation.  Notice  that 
we  organized  the  model  in  such  a  manner  that  explicitly  shows  die  path  each  LRU/SRU 
follows  during  the  replace/repair  process.  There  is  also  a  section  denominated  “Control 
Panel”,  where  we  placed  the  resources  related  to  data  updating  and  ou^ut  settings,  as 
well  as  the  representation  of  the  ratable  pools.  In  this  case,  the  model  can  be  easily 
changed  to  respond  to  different  “what-if  ’  scenarios. 


Figure  4.2.  LRU_2  and  4  Repair  Cycle. 
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E.  ASSUMPTIONS 

The  developed  model  intends  to  furnish  the  logistics  decision  makers  with  a 
decision  support  tool  for  the  analysis  of  the  operational  availability  of  A-4  aircraft  fleets, 
as  well  as  to  evaluate  the  cost-effectiveness  of  the  repairable-item  inventory  systems.  On 
the  other  hand,  we  had  to  limit  the  level  of  details  and  variations  we  face  when  rendering 
an  accurate  simulation  model,  otherwise  this  thesis  would  be  very  long.  Therefore,  the 
following  assumptions  were  made  to  use  the  model. 

•  We  are  analyzing  electronic  components.  Hence,  we  assume  no  need  for 
preventive  maintenance. 

•  The  LRUs/SRUs  in  this  model  never  completely  fail  such  that  they  cannot  be 
made  serviceable.  No  condenmations  are  possible. 

•  Spares  units  do  not  fail  while  in  the  rotable  pool. 

•  Each  aircraft  carries  a  single  unit  of  each  LRU/SRU. 

•  Failures  are  always  due  to  one,  and  only  one  of  the  LRUs.  Consequently, 
LRUs  do  not  fail  at  the  same  time. 

•  The  AIMD  operates  eight  hours  a  day. 

•  There  is  a  single  point  of  destination  in  the  United  States  and  a  single  point  of 
origin  for  LRUs/SRUs  transportation  computations  (time  and  cost 
estimations). 

•  No  cannibalizations  are  considered.  Hence,  the  operational  availability  of  the 
fleets  may  be  less  in  the  simulation  model  than  in  real  circumstances,  but  we 
considered  the  fact  that  caimibalization  doubles  the  maintenance  man-hours 
required  to  repair  the  aircraft  and  can  induce  malfunctions  to  an  otherwise 
serviceable  LRU  through  additional  handling.  This  is  why  cannibalization  is 
not  modeled  in  our  study. 
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F.  VALIDATION 

We  set  up  our  simulation  model  replication  length  for  a  period  equivalent  to  ten 
years  because  this  is  assumed  to  be  the  LRUs’  useful  life  period  which  is  representative 
of  a  military  avionics  system  nowadays. 

We  ran  fifty  replications  for  the  Argentine  scenario  and  fifty  more  for  the 
Brazilian’s.  This  ensured  a  number  of  observations  large  enough  for  each  run  to  provide 
an  average  operational  availability  value  that  is  statistically  sound. 

Counters  were  placed  along  the  model  (see  Appendix  A).  They  provided 
accountability  for  the  number  of  parts  flowing  through  the  model  during  any  time,  as  well 
as  for  the  number  of  aircraft  in  queue  due  to  the  limitation  of  LRUs/SRUs  in  serviceable 
conditions.  These  counters  are  very  helpful  in  determining  the  potential  bottlenecks  of 
the  system. 

G.  RESULTS 

From  running  the  simulation  model,  the  results  showed  the  Brazilian  Navy  A-4 
aircraft  fleet  operating  with  an  Aq  of  0.83975,  or  83.98  percent,  while  the  Argentine’s 
achieved  0.86578,  or  86.58  percent. 

Table  4.6  summarizes  both  countries’  settings  and  results.  We  included  in  this 
table  the  total  number  of  parts  being  sent  abroad  for  repair  in  ten  years  and  is  represented 
in  two  ways:  average  number  and  estimated  number  with  95  percentile  point  (i.e., 
probability  that  the  number  will  exceed  this  value  will  be  0.05).  The  numbers  were 
collected  from  the  Arena’s  output  analyzer,  and  they  provide  fundamental  information  for 
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the  decision  makers  when  estimating  transportation  costs,  as  well  as  to  support  repair  part 
contracting  decisions. 


-  Argentine  .Air-  Force'-Wj-'^f;  • 

20  A/C 

LRUs  RP  levels  =  2,3,3, 2, 2 

SRUs  RP  levels  =  7,5 

LRUs  MTBF  =  147,180,116,97.4,181 

30  A/C 

LRUs  RP  levels  =  3,2,2,3,3 

SRUs  RP  levels  =  3,5 

LRUs  MTBF  =  220.5,270,174,146,272 

LRU/SRU 

AVERAGE 

95  PERCENTILE 
POINT 

AVERAGE 

95  PERCENTILE 
POINT 

LRU_1 

58 

64 

53 

59 

LRU_2 

53 

60 

51 

57 

LRU_3 

85 

94 

89 

97 

LRU_4 

87 

95 

115 

124 

LRU_5 

43 

49 

39 

44 

SRU_2 

8 

9 

8 

9 

SRU_4 

25 

27 

31 

35 

TOTAL 

LRUs 

326 

362 

347 

381 

TOTAL 

SRUs 

33 

36 

39 

44 

A. 

0.83975 

0.86578 

- — - 

Table  4.6.  Summary  of  the  settings  and  simulation  results  for  the  Brazilian  Navy  and  the 

Argentine  Air  Force  A-4  fleets. 


H.  CHAPTER  SUMMARY 

This  chapter  covered  the  entire  process  of  developing  our  simulation  model.  We 
started  with  a  brief  review  of  the  Arena  software  which  was  the  tool  we  chose  to  mimic 
the  behavior  of  our  real  systems.  Then,  we  provided  a  detailed  description  of  the  model 
and  a  corresponding  list  of  assumptions  made  to  use  the  model.  We  also  showed  how  we 
validated  the  model  and  the  resulting  Aq  for  each  coimtry. 

Our  next  step  is  to  develop  and  simulate  a  scenario  where  the  Brazilian  Navy  and 
the  Argentine  Air  Force  collaborate  on  the  inventory  management  of  their  A-4  fleets. 
Therefore,  Chapter  V  will  present  the  development  of  our  Coalition  Model. 
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V.  COALITION  MODEL 


A.  CHAPTER  OVERVIEW 

Based  on  the  very  positive  and  receptive  environment  to  embrace  the  idea  of 
inventory  consolidation  between  the  Brazilian  Navy  and  the  Argentine  Air  Force,  as  we 
showed  in  Chapter  II,  and  using  the  model  we  presented  in  Chapter  IV,  which  is  suitable 
for  both  Armed  Forces,  we  propose  the  development  of  a  coalition  model.  Hence,  this 
chapter  defines  the  basic  parameters  to  be  used  for  this  joint  scenario  and  projects  the 
resulting  benefits  in  terms  of  operational  availability  improvement. 

B.  COALITION  MODEL  DESCRIPTION 

The  coalition  model  is  based  on  the  same  structure  and  data  used  for  the 
Argentine  and  Brazilian  models  except  for  the  number  of  aircraft  that  change  to  fifty  A-4 
aircraft  and  the  MTBF  of  each  of  the  LRUs  that  are  calculated  as  a  weighted  average 
(W.A.)  of  the  Brazilian  and  Argentine  LRUs  MTBF. 

The  coalition  model  LRU/SRU  inventory  levels  are  shown  in  Table  5.1.  These 
numbers  are  the  result  of  adding  the  existent  inventories  of  each  RP  of  both  countries. 


Coalition 

'LRU_1': 

LRU_2 

■LRU^j; 

LRU_4 

;,sRig^p 

I'SRIL4'- 

AAF  +  BN 

5 

5 

5 

5 

5 

10 

10 

fable  5.1.  LRU/SRU  1 

Rotable  Pool  Levels  (Coalition  Model). 

The  MTBFs,  presented  in  Table  5.2,  were  obtained  from  the  following 
computation  (expressed  in  days,  using  data  from  Chapter  IV,  Table  4.2): 
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W.A.  LRU_1  -  (20*147  +  30*220.5)750  =  191 
W.A.  LRU_2  =  (20*180  +  30*270)750  =  234 
W.A.  LRU_3  =  (20*116  +  30*174)750  =  151 
W.A.  LRU_4  =  (20*97.4  +  30*146)750  =  127 
W.A.  LRU_5  =  (20*181  +  30*272)750  =  236 


']VIl^F",0gys), 

LRU_1 

191 

Exponential 

LRU_2 

234 

Exponential 

LRU_3 

151 

Exponential 

LRU_4 

127 

Exponential 

LRU_5 

236 

Exponential 

Table  5.2.  LRUs’  Mean  Time  Between  Failures  (Coalition  Model). 

C.  RESULTS 

After  running  50  replications,  the  results  show  an  increase  in  the  operational 
availability  fi:om  0.83975  and  0.86578,  for  the  Brazilian  and  Argentine  fleets, 
respectively  (see  Chapter  IV,  Table  4.6),  to  a  value  of  0.88838,  or  88.84  percent,  for  both 
fleets  operating  under  the  coalition  model. 

Table  5.3  summarizes  the  operational  scenarios  for  both  Armed  Forces  before  and 
after  the  proposed  coalition. 
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Brazilian^Navy 

Argentine  Air  Force 

20  A/C 


30  A/C 


LRUs  RP  levels  =  2, 3,3,2, 2  LRUs  RP  levels  =  3,2,2,3,3 


SRUs  RP  levels  =  7,5 
LRUs  MTBF  = 
147,180,116,97.4,181 


SRUs  RP  levels  =  3,5 
LRUs  MTBF  = 
220.5,270,174,146,272 


50  A/C 

LRUs  RP  levels  =  5,5,5,5,5 
SRUs  RP  levels  =  10,10 
LRUs  MTBF  = 
191,234,151,127,236 


LRU/SRU  AVERAGE  PERCENTILE  AVERAGE  PERCENTILE 


LRU_1 

LRU_2 

LRU_3 

LRU_4 

LRU_5 


SRU_2 

SRU_4 

TOTAL 

LRUs 

TOTAL 

SRUs 

Ao 

Table  5.3. 


POINT 


64 

60 

94 

95 
49 


9 

27 


POINT 


59 

57 


97 


124 

44 


AVERAGE  PERCENTILE 
POINT 


347 

381 

674 

39 

44 

69 

0.83975  I  0.86578  0.88838 

Summary  of  the  settings  and  simulation  results  (before  and  after  the  Coalition 

Model). 


The  simulation  results  also  show  average  reductions  of  about  three  percent  and 
seven  percent  in  the  total  number  of  LRUs  and  SRUs,  respectively,  sent  to  depot  level 
maintenance.  These  expected  reductions  are  due  to  the  effects  of  inventory 
consolidation.  Figmres  5.1  to  5.3  illustrate  these  reductions. 
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Figvire  5. 1  Brazilian  Navy  -  LRUs/SRUs  sent  to  D-level  (95  percentile  point). 


Figure  5.2.  Argentine  Air  Force  -  LRUs/SRUs  sent  to  D-level  (95  percentile  point). 


Figure  5.3.  Coalition  Model  -  LRUs/SRUs  sent  to  D-level  (95  percentile  point). 


D.  CHAPTER  SUMMARY 

The  simulation  results  showed  the  advantages  in  terms  of  operational  availability 
for  the  coalition  model.  The  improvement  in  Aq  for  both  aircraft  fleets  might  be 
materialized  through  a  joint  total  asset  visibility  administration  for  the  LRUs/SRUs  sent 
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to  depot-level  maintenance.  The  implementation  of  a  common  administration  can  be  the 
subject  of  further  studies. 

All  the  research  developed  in  the  next  chapters  will  be  based  on  the  coalition 
model  previously  described.  Therefore,  Chapter  VI  presents  a  simulation  based  on  the 
same  coalition  model,  but  with  reduced  transportation  time  in  order  to  determine  the 
effects  of  turnaround  time  reduction  on  the  operational  availability  of  the  aircraft  fleets. 
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VI.  COALITION  MODEL  WITH  REDUCED  TRANSPORTATION 

TIME 


A.  CHAPTER  OVERVIEW 

In  the  previous  chapter,  a  coalition  model  was  developed  showing  the  advantages 
in  terms  of  operational  availability  for  both  countries. 

In  this  chapter,  we  run  the  coalition  model  again,  but  this  time  we  reduced  the 
transportation  time  to  analyze  the  impact  on  the  operational  availability  of  the  A-4  fleets. 

B.  TRANSPORTATION  TIME  REDUCTION 

The  current  time  spent  when  a  faulty  part  has  to  be  sent  abroad  to  be  repaired 
follows  a  uniform  distribution  UNIF(30,45),  expressed  in  days,  as  previously  shown  in 
Chapter  IV,  Table  4.5  (Northbound  route).  Similarly,  it  takes  an  average  time  of 
UNIF(20,40)  for  the  part  to  return  from  the  repair  facility  abroad  (Southbound  route). 
These  times  include  administrative  process  delays  and  transportation. 

Since  the  transportation  by  sea  mode  adopted  by  both  Armed  Forces  is  the  main 
contributor  to  such  long  periods,  we  propose  a  reduction  of  transportation  time  by 
changing  the  transportation  mode  to  air  mode.  Our  research  showed  that  using  the  air 
mode  significcintly  reduced  transportation  time.  These  results  are  shown  in  Table  6.1. 


'  ■■■Activityy-;- 

Time  Consumed 

Northbound  route  -  administrative 
process  (including  warranty  verification 
process  time)  plus  transportation. 

UNIF  (10,15) 

Southbound  route-  administrative 
process  plus  transportation. 

UNIF  (8,13) 

Repairing  LRU  at  D-level 

UNIF  (30,90) 

Repairing  SRU  at  D-level 

UNIF  (30,90) 

Table  6.1.  Total  time,  expressed  in  days,  consumed  for  repair  a  faulty  part  abroad 


(transportation  mode:  air  mode). 
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C.  DATA  COLLECTION 

We  collected  data  regarding  the  cost  and  time  consumption  for  air  mode 
transportation  through  a  survey  where  domestic  and  international  freight  forwarders 
provided  their  estimates.  Table  6.2  shows  the  average  cost  of  transportation  by  air  mode 
for  each  LRU/SRU,  including  express  and  expedited  modes. 


tExp]ressModet(2  days) 

Expedited^dde  i(4jdays) 

LRU_1 

1,401.00 

1,120.00 

LRU_2 

432.00 

346.00 

LRU_3 

1,396.00 

1,117.00 

LRU_4 

1,587.00 

1,270.00 

LRU  5 

1,589.00 

1,270.00 

SRU_2 

277.00 

222.00 

SRU_4 

277.00 

222.00 

Table  6.2.  Average  Air  Mode  Transportation  Costs. 


The  transportation  time  used  in  the  model  with  reduced  transportation  time 
corresponds  to  the  expedited  mode  that  demands  four  days  for  door-to-door  service. 

D.  RESULTS 

After  running  a  simulation  of  fifty  replications,  a  large  enough  sample  to  diminish 
the  random  effects,  we  obtained  an  increase  of  approximately  seven  percent  in  the 
operational  availability  (from  0.88838  to  0.95034)  without  the  need  to  increase  the 
inventory  level.  Appendix  B  presents  the  corresponding  simulation  output. 

The  impact  on  the  operational  availability  through  the  reduction  of  transportation 
time  can  be  explained  by  the  decrease  in  the  number  of  grounded  aircraft  waiting  for 
spare  parts  at  the  rotable  pools.  This  phenomenon  illustrates  the  fimdamental  relationship 
between  work  in  process,  cycle  time,  and  throughput  called  the  Little’s  Law. 
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According  to  Hoop  and  Spearman  [Ref.  13],  Little’s  Law,  named  for  John  D.C. 


Little  who  provided  the  mathematical  proof,  is  represented  by 

WIP  =  TH  *  CT 


where: 


•  Work  In  Process  (WIP):  It  is  the  inventory  between  the  start  and  end  points  of  the 
repair  process. 

•  Cycle  Time  (CT):  It  is  also  called  throughput  time.  It  is  the  average  time  from 
release  of  a  repair  job  at  the  beginning  of  the  repair  routing  until  it  reaches  an 
inventory  point  at  the  end  of  the  routing  (that  is,  the  time  the  part  spends  as  WIP). 

•  Throughput  (TH):  It  is  the  average  output  of  the  repair  process  per  unit  of  time, 
also  referred  as  throughput  rate. 

By  reducing  transportation  time  WIP  is  reduced,  as  we  can  see  by  comparing 
Figures  6. 1  and  6.2.  Note  the  significant  reduction  in  the  average  number  of  grounded 
aircraft  waiting  for  spare  parts  from  the  rotable  pools. 


Average  Number  of  Grounded  Aircraft  per 
RP  (when  using  sea  mode  transportation) 

2.5 
2 

1.5 
1 

0.5 
0 

LRU  1  LRU  2  LRU  3  LRU  4  LRU  5 


Figure  6. 1 .  Average  Number  of  Grounded  Aircraft  per  RP  (when  using  sea  mode 

transportation) 
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Average  Number  of  Grounded  Aircraft  per 
RP  (when  using  air  mode  transportation) 


Figure  6.2.  Average  Number  of  Ghrounded  Aircraft  per  RP  (when  using  air  mode 

transportation). 

E.  CHAPTER  SUMMARY 

This  chapter  analyzed  the  impact  of  transportation  time  reduction  on  the 
operational  availability.  The  simulation  results  showed  an  increase  of  seven  percent  in 
Ao  without  the  need  to  increase  the  inventory  level  just  by  reducing  transportation  time. 

In  the  Chapter  VII,  we  will  develop  a  metamodel  that  can  be  used  to  determine 
the  optimum  LRU/SRU  inventory  levels  given  a  specific  operational  availability. 
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VIL  METAMODEL  DEVELOPMENT 


Analysts  use  the  simulation  model  as  a  surrogate  because  it  is  impractical 
to  construct  multiple  prototype  versions  of  the  real  system,  or  because  cost 
or  other  constraints  prohibit  experimentation  with  the  real  system.  These 
models  themselves  may  be  quite  complex,  and  so  simpler  approximations 
are  often  constructed;  models  of  the  model,  or  metamodels.  (Kleijen, 

1987)  [Ref  15] 

A.  CHAPTER  OVERVIEW 

In  the  previous  chapter,  we  ran  a  simulation  of  the  coalition  model  with  reduced 
transportation  time.  This  showed  the  benefits  for  both  coimtries  in  terms  of  operational 
availability. 

In  this  chapter,  we  develop  a  metamodel  that  will  be  useful  in  the  determination 
of  the  optimal  inventory  levels  given  a  desired  operational  availability. 

B.  MULTIPLE  REGRESSION  ANALYSIS  -  LITERATURE  REVIEW 

Regression  models  are  often  applied  by  management  scientists  to  analyze 
simulation  data  as  well  as  real-world  data.  It  is  well  recognized  that  the 
data  of  a  simulation  experiment  can  indeed  be  analyzed  through  a 
regression  model  that  serves  as  a  metamodel  (see  Kleijnen  1987,  p.  241). 

[Ref  16:p.ll64] 


Multiple  linear  regression  provides  a  manageable  way  to  control  statistically  for 
the  effects  of  several  independent  variables.  Its  use  requires  assuming  that  the  effects  of 
the  various  independent  variables  on  the  dependent  variable  are  additive.  That  is,  the 
marginal  effect  on  the  dependent  variable  of  a  unit  change  in  any  of  the  independent 
variables  remains  the  same  no  matter  what  the  values  of  the  independent  variables  are. 
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The  ejqpression  of  a  linear  regression  model  in  mathematical  form  is: 

Y=  ao+ai*xi+a2*X2+ . +  ak*Xk+  e 

where  Y  is  the  dependent  variable  and  xi,  X2,  . .  .Xk  are  the  k  independent  variables.  The 
intercept  parameter,  ao,  also  called  the  constant,  is  the  expected  value  of  Y  if  all  the 
independent  variables  equals  zero.  The  other  parameters,  ai,  a2,  ...  ak,  which  are  called 
slope  parameters,  measure  the  marginal  impacts  of  the  independent  variables  on  the 
dependent  variable.  If,  for  instance,  we  were  to  increase  xi  by  one  unit  while  holding  the 
values  of  the  other  independent  variables  constant,  Y  would  change  by  an  amoimt  ai. 
Similarly,  each  of  the  other  coefficients  measures  the  marginal  effect  of  a  unit  change  in 
its  variable  on  the  dependent  variable.  The  last  term  of  the  equation,  e,  is  an  error  term 
that  incorporates  the  cumulative  effect  on  Y  of  all  the  factors  not  explicitly  included  in 
the  model.  [Refs.  17  and  18] 

C.  METAMODEL  EQUATION 

The  formulation  of  the  metamodel  equation  started  with  the  running  of 
simulations  for  the  coalition  model  using  air  mode  transportation.  We  ran  128 
simulations  that  represent  inventory  level  combinations  within  the  range  of  the  existent 
inventories.  Each  one  of  the  simulation  runs  is  a  result  of  50  replications.  This  provides 
a  large  enough  sample  size,  or  number  of  observations  to  ensure  statistically  sound  data 
results.  The  results  of  all  128  simulations  are  shown  in  Appendix  C.  Then,  by  using 
Microsoft  Excel,  we  conducted  a  multiple  regression  analysis. 

From  the  regression  analysis,  the  metamodel  equation  was  defined  as 

Ao=  0.755  +  0.0064*Xlru  i  +  0.0057*Xlru_2  +  0.0103*Xlru_3  +  0.0112*Xlru_4 
+  0.0040*Xlru_5  +  0.00004*Xsru_2  +  0.0007*Xsru_4 
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where  Xi  represents  the  number  of  LRUs/SRUs  in  their  respective  rotable  pools. 

The  multiple  regression  analysis  provides  the  coefficients  for  the  LRUs/SRUs  in 
the  metamodel  equation,  as  well  as  the  y-intercept  of  0.755,  which  means  that  an  Aq  of 
75.5  percent  can  be  achieved  with  inventory  levels  equal  zero. 

The  coefficient  values  represent  the  marginal  contribution  to  the  operational 
availability  of  each  one  of  the  LRUs/SRUs.  For  example,  for  every  additional  LRU_1 
added  to  the  initial  inventory  level,  fleet  operational  availability  increases  by  0.64  percent 
(coefficient  value  is  0.0064).  The  summary  ouqjut  obtained  from  Excel  is  displayed  in 
Appendix  D.  Notice  from  the  metamodel  equation  that  SRU_2  coefficient  does  not 
significantly  contribute  to  increasing  the  Aq. 

We  validated  the  metamodel  equation  using  the  same  numbers  of  LRUs/SRUs  for 
the  simulation  model  in  Arena  and  for  the  equation.  Afterwards,  we  contrasted  the 
resulting  Aq.  No  significant  differences  were  found. 

D.  RESULTS 

From  the  analysis  of  the  metamodel  we  can  see  that  the  two  LRUs  that  have  the 
highest  marginal  contributions  to  the  Aq  are  the  LRU_4  and  LRU_3.  Each  one  of  them 
has  a  marginal  contribution  to  the  operational  availability  of  1.12  percent  and  1.03 
percent,  respectively. 

The  value  of  the  constant  in  the  metamodel  equation  shows  that  it  is  possible  to 
achieve  75.5  percent  of  operational  availability  with  zero  inventory.  This  is  possible  at 
the  expense  of  the  reduction  in  the  transportation  cycle  time.  In  addition,  we  concluded 
that  SRU_2  has  a  very  low  marginal  contribution  to  the  operational  availability.  Thus,  it 
can  be  disregarded  from  the  equation. 
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E.  CHAPTER  SUMMARY 


In  this  chapter,  we  developed  a  metamodel  equation  using  multiple  regression 
analysis.  The  metamodel  showed  the  marginal  contribution  of  different  components  to 
the  operational  availability. 

In  the  next  chapter,  we  will  develop  a  linear  programming  model  to  find  the 
optimal  inventory  combination  that  minimizes  costs  given  a  value  of  operational 
availability. 
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VIII.  SENSITIVITY  ANALYSIS 


A.  CHAPTER  OVERVIEW 

In  the  previous  chapter,  we  developed  a  metamodel  equation  that  will  be  useful  in 
the  process  of  determining  the  optimal  inventory  combination. 

Chapter  VIII  analyzes  the  impact  of  spare  level  variation  on  operational 
availability.  We  are  looking  for  the  inventory  combination  that  reaches  an  operational 
availability  of  0.88838,  a  value  comparable  to  the  scenario  for  the  coalition  model,  using 
sea  mode  transportation.  For  this  purpose,  we  graph  the  marginal  contribution  of  each 
LRU/SRU  to  Ao  and  develop  a  linear  programming  model. 

B.  SPARE  LEVEL  VS.  OPERATIONAL  AVAILABILITY 

Figures  8.1  to  8.7  show  how  the  operational  availability  changes  due  to  variations 
in  one  particular  rotable  pool,  ceteris  paribus^.  This  means  that,  while  one  specific 
rotable  pool  level  changes,  there  are  no  changes  in  the  remaining  rotable  pools. 


Operational  Availability  vs.  Spare  Level 

i 

1.00000 

•  ! 

0.98000  - 

0.96000  - 

^  0.94000  - 

<  0.92000  - 

0.90000  - 

0.88000  - 

0.86000  - 

1  •  i  1  . . "“'1 . . 

1  5  10  15  20  25 

LRU_1 

Figure  8.1 .  Operational  Availability  vs.  Spare  Level  -  LRU_1. 


'  Ceteris  paribus  is  a  Latin  phrase  meaning  “all  other  factors  held  constant” 
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Operational  Availability  vs.  Spare  Level 

1.00000 
0.98000 
0.96000 
o  0.94000 
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0.90000 
0.88000 
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I  LRU_2  ! 
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Figure  8.2.  Operational  Availability  vs.  Spare  Level  -  LRU_2 


Operational  Availability  vs.  Spare  Level 

1.00000 
0.98000 
0.96000 
I  o  0.94000 
!  <  0.92000 
!  0.90000 

!  0.88000 
I  0.86000 

I  1  5  10  15  20  25 

I 

I  LRU_3 

I _ j 

Figure  8.3.  Operational  Availability  vs.  Spare  Level  -  LRU_3 


Operational  Availability  vs.  Spare  Level 
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Figure  8.4.  Operational  Availability  vs.  Spare  Level  -  LRU_4 


Figure  8.5.  Operational  Availability  vs.  Spare  Level  -  LRU_5. 
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Figure  8.6.  Operational  Availability  vs.  Spare  Level  —  SRLF_2. 
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Figure  8.7.  Operational  Availability  vs.  Spare  Level  -  SRU_4. 
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These  graphs  were  bmlt  using  the  marginal  contribution  of  the  different  electronic 
components  to  the  operational  availability,  as  was  shown  in  the  metamodel,  and  by 
running  new  simulations  with  inventory  levels  out  of  the  range  of  the  metamodel. 

As  these  graphs  showed,  Aq  increases  from  adding  spare  parts,  but  this  follows  a 
diminishing  rate  until  the  point  where  Ao  stabilizes.  From  this  point,  there  is  no 
contribution  and  Ao  remains  the  same.  This  is  not  true  only  for  the  SRU_2,  which  does 
not  contribute  to  Ao  since  its  coefficient  in  the  metamodel  equation  is  very  low  (see 
Chapter  VII). 

C.  COST  MINIMIZATION  USING  LINEAR  PROGRAMMING 

1.  Linear  Programming  -  Literature  Review 

Linear  programming  is  a  widely  used  mathematical  technique  designed  to  help 
managers  in  planning  and  decision  making  for  relative  resource  allocation. 

Linear  programming  problems  seek  to  maximize  or  minimize  some  quantity 
(objective  function),  usually  profit  or  cost,  subject  to  limited  resources  (the  constraints). 

The  objective  and  constraints  in  linear  programming  problems  are  expressed  in 
terms  of  linear  equations  or  inequalities.  [Ref.  19] 

2.  Cost  Minimization 

Table  8.1  shows  the  acquisition  costs  of  the  different  electronic  components. 


r 

LRU/SRU 

,  Acquisition  Cost  (US$)  .  , 

LRU_1 

91,754.00 

LRU_2 

30,800.00 

LRU_3 

46,763.00 

LRU_4 

78,225.00 

LRU_5 

180,000.00 

SRU_2 

5,000.00 

SRU_4 

5,000.00 

Table  8.1.  LRU/SRU  Acquisition  Cost. 
48 


These  values  are  included  in  the  objective  function  of  the  linear  programming 


model,  which  is  stated  as  follows: 

•  Objective  Function: 

Minimize  Costs 

91754*Xlru  ,+30800*Xlru  2+46763*Xlri,  3+78225*Xlr„  4+180000*Xlru  5 

+5000*Xsru_2+5000*Xsr„_4 

where  Xlruj  and  Xsruj  represent  the  number  of  LRUs/SRUs  that  satisfies  the 
minimization  of  the  objective  function  given  the  following  constraints: 

•  Constraints 

The  first  constraint  was  provided  by  the  metamodel  equation  obtained  in  Chapter 
VII,  and  is  written  as  follows: 

0.88838  =  0.755+0.0064*Xlru  :  +0.0057*Xlru  2+0.0103*Xlri,  3+O.OII2*  X^ru  4 
+0.0040*Xlru.5+0.00004*Xsrv>0.0007*Xsru’4 

where  0.88838  is  the  desired  operational  availability,  and  the  other  coefficients  in  the 

equation  represent  the  marginal  contribution  to  the  operational  availability  of  each  one  of 

the  electronic  components. 

We  assume  that  the  feasible  solutions  must  consider  an  inventory  level  of  at  least 
one  component  for  each  RP.  This  is  expressed  as  follows: 


Xlruj  —  1?  Xlru_2  —  Ij  Xlruj  —  1?  Xlruj  —  Ij  Xlruj  —  1?  Xsruj  —  1>  Xsruj  —  1 
The  following  constraints  assume  that  the  solutions  are  limited  to  the  range  of  the  existent 
inventory.  This  range  is  the  one  where  the  metamodel  is  valid. 


Xlru_i  -  5;  Xlruj  -  5;  Xlruj  -  5;  Xlruj  -  5;  Xlruj  -  5;  Xsruj  -  lOj  Xsruj  -  10 
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3. 


Results 


Using  Microsoft  Excel  and  QM  for  Windows  software,  we  finally  obtained  the 
optimal  spare  part  levels  as  shown  in  Table  8.2. 


,  ::uRu^Rg?n~ 

LRU_1 

1 

LRU_2 

5 

LRU_3 

5 

LRU_4 

3 

LRU_5 

1 

SRU_2 

1 

SRU_4 

10 

Table  8.2.  LRU/SRU  Optimal  Inventory  Level. 


Appendix  E  provides  the  Microsoft  Excel  answer  report  for  this  linear 
programming  problem. 

D.  CHAPTER  SUMMARY 

In  this  chapter,  we  showed  the  use  of  a  linear  programming  model  where  one  of 
the  constraints  was  given  by  the  metamodel  equation  developed  in  Chapter  VII.  The  use 
of  the  linear  programming  allowed  us  to  find  the  combination  of  spare  parts  that 
minimize  the  inventory  costs  given  an  operational  availability. 

In  the  next  chapter,  we  will  analyze  the  cost-effectiveness  of  choosing  between 
the  alternatives  “current  transportation  time  (sea  mode  transportation)  with  existing 
inventory”  and  “reduced  transportation  time  (air  mode  transportation)  with  optimal 
number  of  spare  parts,”  which  was  obtained  in  this  chapter. 
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IX.  COST-EFFECTIVENESS  ANALYSIS 


A.  CHAPTER  OVERVIEW 

In  the  previous  chapters,  we  ran  simulations  considering  two  scenarios,  one  with 
current  transportation  time  (sea  mode),  and  the  other  with  reduced  transportation  time  (air 
mode).  We  presented  the  advantages  in  terms  of  operational  availability  resulting  from 
the  transportation  time  reduction.  Then,  in  Chapter  VIII,  we  reduced  the  inventory  level 
to  an  optimum  that  minimized  costs  while  reaching  the  same  operational  availability  as  in 
the  scenario  with  no  reduction  in  transportation  time. 

In  this  chapter,  we  perform  a  cost-effectiveness  analysis  in  order  to  show  potential 
savings  from  reducing  both  transportation  time  and  inventory  level,  while  operational 
availability  remains  unaltered.  We  use  Net  Present  Value  (NPV)  and  Monte  Carlo 
simulation  sensitivity  analysis  to  estimate  the  risk  of  the  decision  making. 

B.  LITERATURE  REVIEW 

1.  Net  Present  Value 

Analysts  evaluate  projects  using  the  net  present  value  criterion.  By  definition,  the 
net  present  value  (NPV)  of  a  project  equals  the  present  value  of  the  benefits,  PV(B), 
minus  the  present  value  of  the  costs,  PV(C),  i.e.: 

NPV=PV(B)-PV(C) 

Equivalently,  the  NPV  of  a  project  equals  the  present  value  of  the  net  benefits. 
To  understand  the  equivalence,  consider  a  project  v^th  an  expected  life  of  n  years.  Let, 

Bt  =  total  benefits  arising  in  year  t  (t  =  0,1,2. .  .n) 

Ct  =  total  costs  arising  in  year  t  (t  =  0, 1 ,2 . . .  n) 
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Thus,  the  annual  net  benefits  equal  the  difference  between  annual  total  benefits  and 
annual  total  costs,  that  is,  Bt  —  Ct  (t  =  0,1,2..  .n).  The  present  value  of  the  net  benefits  of  a 
project  is  given  by: 

NPV=  I;  5/ -a /(!+/)' 

/=0 

where  i  is  the  discount  rate  and  t  the  number  of  periods  for  discounting.  [Ref.  1 8] 

2.  Real  Discount  Rate 

In  order  to  calculate  the  NPV  of  a  project,  analysts  apply  a  real  discount  rate  to 
future  costs  and  benefits  that  are  expressed  in  real  dollars.  If  analysts  decide  that  the 
market  interest  rate  facing  the  decision  maker  is  the  appropriate  discount  rate,  then, 
because  it  is  nominal,  they  must  adjust  for  the  expected  inflation  rate  to  arrive  at  the 
appropriate  real  discount  rate.  The  real  discoxmt  rate  can  be  written  as: 

r  =  (i  -  m)  /  (1+m) 

where  i  is  the  nominal  discount  rate  and  m  is  the  expected  rate  of  inflation.  [Ref.  18] 

3.  Monte  Carlo  Analysis 

Monte  Carlo  analysis  provides  a  way  to  estimate  the  distribution  of  net  benefits 
by  explicitly  treating  assumed  parameter  values  as  random  variables.  It  is  especially 
useful  when  the  risk  of  the  policy  is  of  particular  concern  and  the  parameters  have  non- 
uniform  distributions  or  the  formula  for  the  calculation  of  net  benefits  involves  the 
parameters  in  other  than  simple  sums.  If  we  cannot  distinguish  between  two  projects  in 
terms  of  expected  values  of  net  benefits,  we  may  be  more  confident  in  recommending  the 
one  with  the  smaller  variance  because  it  has  a  higher  probability  of  producing  realized  net 
benefits  near  the  expected  value.  [Ref.  1 8] 
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4.  Crystal  Ball  Software 

Crystal  Ball  is  a  user-friendly,  graphically  forecasting  and  risk  analysis 
program  that  takes  the  uncertainty  out  of  decision  making.  Using  Monte  Carlo 
Simulation,  Crystal  Ball  displays  results  in  a  forecast  chart  that  shows  the  entire  range  of 
possible  outcomes  and  the  likelihood  not  achieving  each  of  them.  [Ref.  20] 

C.  ANALYSIS 

We  developed  an  analysis  to  compare  two  scenarios.  The  first  one  with  current 
transportation  time  and  inventory  levels,  where  we  made  the  following  assumptions: 

•  The  net  present  values  are  calculated  considering  acquisition  costs  and 
average  transportation  costs  per  year,  over  a  period  of  ten  years.  Thus,  total 
cost  is  equal  acquisition  cost  plus  transportation  cost. 

•  The  sea  mode  freight  rates  rise  gradually  an  average  of  1  percent  per  year. 
[Ref  21] 

•  The  discount  rate  is  10  percent  and  the  inflation  rate  is  equal  to  4  percent. 

•  There  are  hikes  in  the  sea  mode  fi*eight  rates  of  10  percent  over  the  expected 
average  rates  every  five  years.  [Ref.  21] 

•  Average  transportation  costs  per  year  follows  a  normal  distribution  using  the 
data  displayed  in  Chapter  VI,  Table  6.2. 

•  The  calculation  of  the  NPV  considers  two  alternatives.  First,  a  standard 
deviation  of  20  percent  of  the  average  transportation  costs.  Second,  a  standard 
deviation  of  30  percent. 

The  second  scenario  is  based  on  reduced  transportation  time  and  reduced 
inventory  levels  that  minimize  costs  while  reaching  the  same  operational  availability  as 
the  first  scenario.  The  assumptions  made  for  the  first  scenario  are  valid  here  except  for 
the  following: 

•  The  air  mode  freight  rates  rise  gradually  an  average  of  3  percent  per  year. 
[Ref  21] 
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•  There  are  hikes  in  the  average  air  mode  freight  rates  of  30  percent  over  the 
expected  average  costs  every  three  years.  [Ref.  21] 

D.  RESULTS 

Table  9.1  indicates  the  Average  Net  Present  Values  (in  US$)  for  the  two 
scenarios,  with  the  two  alternatives,  standard  deviation  (sigma)  of  20  and  30  percent, 
respectively.  Appendices  F  and  G  include  the  simulation  outputs  which  provided  the 
expected  number  of  parts  to  be  shipped  for  repairing. 


MODE 


PEAR 

-4:  J.j  9  |  10 


{  Sea  mode 

|sigma=20  % 


Sea  mode 
sigma=30  % 


Air  mode 
sigma=20  % 


Air  mode 

sigma=30  % 


2237710  29147  29497  29851  1 30209  33629  30938  31309  31685  32066  35695  $2,469,591.57 


2237710  29147  29497  29851  130209  33629 1  30938  31309  31685  32066  35695  $2,469,591.57 

I  !  . . . . 


949244  80070  82472  110430  87372  89810  119922  94686  97124  129431  102000  $1,619,519.81 


949244  80070  82472  110430 1 87372  89810  119922  94686  97124  129431  102000  $1,619,519.81 

I 


Table  9. 1 .  Average  Net  Present  Values  (US$). 


Note  that  the  total  acquisition  costs^  are  displayed  in  year  zero,  while  average 
transportation  costs^  per  year  are  displayed  in  years  one  to  ten.  No  changes  in  average 
NPV  were  observed  when  changing  standard  deviations  for  the  same  transportation 
mode.  From  the  last  colunm  of  Table  9.1  (NPV),  we  conclude  that  using  air  mode 


instead  of  sea  mode  will  result  in  34.42  percent  of  savings  in  total  cost. 


'  Total  acquisition  cost  for  the  sea  mode  was  calculated  using  costs  provided  in  Table  8.1  and  the  expected 
number  of  parts  to  be  shipped  for  repairing  provided  in  the  Appendix  F,  while  for  air  mode  we  used  Table 
8.1  and  information  from  Appendix  G. 

^  Transportation  cost  for  the  sea  mode  was  estimated  on  container  space  availability  basis  (weekly 
shipments)  and  using  the  expected  number  of  parts  to  be  shipped  for  repairing  provided  in  the  Appendix  F, 
while  for  air  mode  we  used  Table  6.2  and  information  from  Appendix  G. 
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Figures  9.1  to  9.4  forecast  the  range  of  variability  of  the  NPV  for  the  two  scenarios/two 
alternatives,  with  a  confidence  interval  of  100  percent.  These  graphs  are  very  useful  for 
assessing  the  risks,  and  they  are  the  typical  outputs  from  Crystal  Ball. 


Figure  9.1 .  Sea  Mode  (sigma=20%)  —  Frequency  Chart. 


$2,410,000.00  $2,440,000.00  $2,470,000.00  $2,500,000.00  $2,530,000.00 


Figure  9.2.  Sea  Mode  (sigma=30%)  -  Frequency  Chart. 
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Air  Mode  (sigma=20%) 


Figure  9.3.  Air  Mode  (sigma=20%)  -  Frequency  Chart. 


Air  Mode  (sigma=30%) 


I  1,000  Trials  Frequency  Chart  6  Outliei 


Figure  9.4.  Air  Mode  (sigma=30%)  -  Frequency  Chart. 


Now,  we  obtain  a  single  graph  (see  Figure  9.5)  by  overlaying  the  variability 
ranges  for  both  transportation  modes  with  sigma  equals  thirty  percent. 
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Frequency  w  Frequency 


Figure  9.5.  Overlay  Chart  -  Air  Mode  vs.  Sea  Mode  (sigma=30%). 


This  comparison  makes  obvious  the  advantage  of  choosing  air  mode  over  sea 
mode.  For  example,  by  comparing  the  more  pessimistic  situation  for  air  mode 
transportation  (US$1,850,000.00)  to  the  more  optimistic  one  for  sea  mode 
(US$2,410,000.00)  the  results  still  ensure  23.24  percent  in  savings  of  the  total  cost,  while 
Ao  remains  unaltered. 

E.  CHAPTER  SUMMARY 

In  this  chapter,  we  calculated  the  net  present  values  of  two  different  scenarios: 
one  with  current  transportation  time  (sea  mode)  and  current  inventory  levels,  and  a 
second  one  with  reduced  transportation  time  (air  mode)  and  reduced  inventory  in  such  a 
manner  that  the  resulting  Ao  was  the  same  for  both  scenarios,  thus  making  them  fairly 
comparable.  We  performed  a  sensitivity  analysis  using  a  Monte  Carlo  simulation  to 
assess  the  risks  of  decision  making.  The  results  demonstrated  the  advantage  of  choosing 
air  mode  transportation  over  sea  mode  in  terms  of  cost-effectiveness. 

Chapter  X  will  present  the  main  conclusions  derived  from  the  analyses  performed 
in  this  and  previous  chapters.  It  will  also  provide  some  recommendations  regarding  an 
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effective  management  model  to  improve  the  readiness  of  the  A-4  aircraft  fleet  for  the 
Argentine  Air  Force  and  the  Brazilian  Navy. 
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X.  CONCLUSIONS  AND  RECOMMENDATIONS 


A.  INTRODUCTION 

The  previous  chapters  have  developed  a  trade-off  assessment  between  inventory 
management  and  fleet  readiness  concerning  the  Argentine  Air  Force  and  the  Brazilian 
Navy  A-4  aircraft  fleets.  The  interdependent  logistics  decisions  of  inventory  and 
transportation  for  their  repairable-item  inventory  systems  were  investigated. 

This  final  chapter  presents  our  conclusions  and  recommendations  for  the 
improvement  of  the  operational  availability  of  their  A-4  fleets,  as  well  as  for  the 
inventory  management  of  their  systems. 

B.  CONCLUSIONS 

The  presented  methodology,  which  combines  a  set  of  techniques  such  as 
simulation  modeling,  multiple  regression  analysis,  linear  programming  and  Monte  Carlo 
simulation,  is  an  effective  managerial  tool  to  be  used  by  logisticians  when  dealing  with 
decisions  related  to  operational  availability  and  inventory  vs.  total  cycle  time  trade-off. 
This  valuable  tool  can  be  easily  adjusted  for  use  with  other  military  repairable-item 
inventory  systems.  However,  we  are  aware  about  the  necessity  of  changing  the 
educational  requirements  of  our  logisticians  in  order  to  take  full  advantage  of  such 
methodology.  Eaton  [Ref.  22]  well  summarized  this  connection: 

Weapon  systems  are  more  complex,  logistics  support  systems  are  more 
complex,  and  team  communications  are  more  complex.  Moreover, 
decisions  at  all  levels  have  become  more  complex  and  mistakes  are  more 
costly  than  ever. 
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We  urgently  need  balanced  viewpoints  in  the  value-net  working  trade-off 
decisions.  Specifically  logisticians  must  be  able  to  understand  systems 
functional  analysis:  functional  allocation,  reliability  allocation,  complexity 
analysis,  cost  analysis  and  so  on.  In  addition  they  must  be  adroit  in 
modeling  and  simulations  for  logistics  decision  support. 


We  now  present  the  conclusions  of  this  study. 

•  A  consolidation  of  the  Brazilian  Navy  and  the  Argentine  Air  Force  aviation 
electronic  component  inventories  will  benefit  both  Armed  Forces  in  terms  of 
higher  operational  availability  for  their  fleets.  From  a  current  scenario  where 
the  Brazilian  Navy  and  the  Argentine  Air  Force  A-4  fleets  are  achieving 
operational  availability  of  83.98  and  86.59  percent,  respectively,  an 
improvement  will  result  from  consolidating  inventories.  The  resulting  Aq  is 
88.84  percent  for  the  coalition  model  and  it  represents  on  average  an  increase 
of  0.973^  A-4  aircraft  will  be  fully  mission  capable  over  a  period  of  ten  years 
for  the  Brazilian  Navy,  while  the  Argentines  benefit  from  an  increase  of 
0.6781 

•  Reducing  transportation  time  by  changing  from  sea  mode  to  air  mode  will 
increase  the  operational  availability  of  the  A4  fleets  by  approximately  seven 
percent  for  the  coalition  model  (see  Chapter  VI).  This  represents  having  an 
average  of  3.5^  more  A-4s  fully  mission  capable  over  a  period  of  10  years, 
without  the  need  for  increasing  inventory  levels. 

•  The  metamodel  equation,  developed  in  Chapter  VII,  showed  which 
LRUs/SRUs  that  make  the  highest  and  lowest  contribution  to  Aq.  The  Inertial 
Navigation  Unit  (LRU_4)  and  the  Air  Data  Computer  (LRU_3)  made  the 
highest  contributions,  while  the  Torque  Drive  Power  Supply  Module 
(SRU_2),  the  lowest.  The  metamodel  also  demonstrated  that  by  reducing 
transportation  time  to  four  days  (expedited  air  mode)  from  an  average  of  26 
days  for  sea  mode  transportation,  it  is  possible  to  achieve  75  percent  of 
operational  availability  with  zero  spare  parts  inventory. 

•  Operational  availability  can  be  increased  by  adding  spare  parts  to  the  rotable 
pools,  but  this  increase  follows  a  diminishing  rate  until  the  point  where  Ao 


’  The  value  of  0.973  was  calculated  by  multiplying  the  number  of  Brazilian  A-4  aircraft  by  the  difference 
between  Ao  achieved  after  and  before  the  coalition  model.  Thus,  0.973=20*(0.88838-0.83975). 

^  The  value  of  0.678  was  calculated  by  multiplying  the  number  of  Argentine  A-4  aircraft  by  the  difference 
between  Ao  achieved  after  and  before  the  coalition  model.  Thus,  0.678=30*(0.88838-0.86578). 

^  The  value  of  3.5  was  calculated  by  multiplying  the  total  number  of  aircraft  (coalition  model)  by  the 
difference  between  Aq  achieved  after  and  before  reducing  transportation  time.  Thus,  3.5=50*(0.95034- 
0.88838). 
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stabilizes.  From  this  point,  there  is  no  contribution  and  Ao  remains  unaltered. 
This  is  counter  to  many  common  managerial  practices  such  as  expecting  Ao  to 
increase  by  increasing  inventory  indefinitely. 

•  A  concept  of  material  quickness  vs.  quantity  tvas  highlighted  tvhich  advocates 
that  using  a  rapid  and  responsive  shipping  mode,  such  as  air  mode,  reduces 
the  volume  of  spare  items  required  in  the  system  inventory  to  achieve  a 
specific  Ao.  In  our  study,  the  transportation  time  reduction  generates  savings 
in  the  23  to  43  percent  range  in  total  cost  over  a  lO-year  period.  These 
savings  were  calculated  by  including  freight  rate  fluctuations.  Although  the 
air  mode  cost  for  an  LRU/SRU  is  more  expensive  than  the  sea  mode  cost,  this 
additional  expense  is  offset  by  the  reduction  in  system  inventory  costs, 
thereby  reducing  the  total  system  cost. 

C.  RECOMMENDATIONS 

The  lessons  learned  from  the  extensive  analyses  conducted  in  this  thesis  support 
the  following  recommendations: 

•  Taking  advantage  of  the  extraordinary  political  times  that  Brazil  and 
Argentina  are  enjoying  in  terms  of  an  integration  process,  a  collaborative 
inventory  management  of  their  A-4  fleets  should  be  analyzed  and 
implemented.  This  will  bring  economical  and  operational  advantages  to  both 
Armed  Forces. 

•  We  strongly  recommend  the  reduction  in  transportation  cycle  time  by 
changing  from  sea  mode  to  air  mode  as  the  way  of  shipping  aviation 
electronic  components  to  manufacturers  in  the  United  States  for  depot  level 
maintenance. 

•  The  use  of  the  methodology  presented  in  this  thesis  should  be  promoted  in 
both  Armed  Forces  as  a  way  to  provide  an  effective  managerial  resource  for 
long-term  decision  making  to  improve  the  readiness  of  aircraft  fleet,  while 
optimizing  the  use  of  scarce  resources. 

•  Critical  components  must  be  closely  tracked  and  have  their  related  data 
accurately  recorded.  Historical  data  collection  of  Mean  Time  Between 
Failures,  Mean  Time  To  Repair  and  so  on,  become  fundamental  at  the  time  of 
using  methodologies  such  as  the  one  presented  in  this  paper.  We  encountered 
a  lack  of  information  during  our  data  collection  process  from  the  Argentine 
Air  Force  and  the  Brazilian  Navy.  Different  explanations  were  given  such  as 
information  not  available  at  the  time  of  the  A-4  aircraft  acquisition,  lack  of 
resources,  poor  managerial  tools  and  organizational  cultural  reasons. 
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•  Both  Armed  Forced  should  be  aware  of  the  necessity  of  introducing  cultural 
changes  to  eradicate  inappropriate  managerial  practices  such  as  the  one  that 
looks  for  increasing  inventory  levels  indefinitely  while  expecting  Ao  to 
increase. 

•  A  change  in  the  educational  requirements  of  our  logisticians  should  be 
considered.  The  new  weapon  systems  and  the  complexity  associated  with 
them,  as  well  as  with  the  complex  logistics  support  required  are  strong  reasons 
to  be  concerned  with  the  logisticians’  educational  background. 

•  We  suggest  further  studies  to  analyze  the  implementation  of  total  asset 
visibility  between  the  Brazilian  Navy  and  the  Argentine  Air  Force  inventory 
systems,  and  the  possibilities  to  standardize  critical  components  for  both  the 
A-4  aircraft  fleets  to  make  the  inventory  consolidation  more  effective. 

•  Advantages  of  joint  contracting  policies  for  acquisition,  repairing,  and 
shipping  of  aircraft  components  are  also  recommended  for  future  research. 


D.  SUMMARY 

The  initial  chapters  were  devoted  to  the  introduction  of  the  concept  of  military 
repairable-item  inventory  systems.  We  then  developed  a  simulation  model  to  mimic  the 
repair  process  of  a  selected  group  of  Brazilian  and  Argentine  A-4  critical  electronic 
components.  A  coalition  model  was  proposed  and  the  fleets’  operational  availability  was 
enhanced  as  a  consequence  of  consolidating  inventories.  We  also  evaluated  the  impact  of 
inventory  level  variation  and  transportation  time  reduction  on  the  operational  availability. 
A  cost-effectiveness  analyzes  was  performed. 

This  thesis  showed  that  the  best  combination  for  the  Brazilian  Navy  and  the 
Argentine  Air  Force  repairable-item  inventory  system  is  to  consolidate  inventories  of  the 
critical  components  considered  in  this  study  under  a  coalition  model,  and  use  air  mode 
transportation  for  shipping  them  abroad  for  repair.  This  combination  leads  to  the  lowest 
average  total  system  cost  for  an  operational  availability  of  88.84  percent  over  a  period  of 
10  years. 
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APPENDIX  A.  SIMULATION  MODEL 
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APPENDIX  B.  SIMULATION  OUTPUT  -  COALITION  MODEL 
(AIR  MODE,  CURRENT  INVENTORY  LEVELS) 
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Observation  Intervals 
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95%  CL 


NC (LRU_1 
DEPOT_EXIT_C) 

NC (LRU_2 
DEPOT_EXIT_C) 

NC  (LRU_3 
DEPOT_EXIT_C) 

NC  (LRU_4 
DEPOT_EXIT_C) 

NC (LRU_5 
DEPOT_EXIT_C) 

NC (SRU_2 
DEPOT_EXIT_C) 
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DEPOT  EXIT  C) 
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223  •  250 
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Project:  ARG_BRA  (REDUCED  TIME) 
execution  date  :  10/30/1999 

Analyst:  M_M 
10/30/1999 


Run 

Model  revision  date: 


OUTPUTS 

Identifier  Average  Half-width  Minimum  Maximum  # 

Replications 


NC(LRU_4  DEPOT_EXIT_C)  236.68 
NC(LRU_2  DEPOT_EXIT_C)  108.72 
DAVG  (OPERATIONAL  AVAIL  .95034 
NC(LRU_5  DEPOT_EXIT_C)  73.940 
NC(LRU_3  DEPOT_EXIT_C)  203.02 
NC(LRU_1  DEPOT_EXIT_C)  113.54 
NC(SRU_4  DEPOT_EXlT_C)  65.560 
NC(SRU_2  DEPOT  EXIT  C)  16.300 


13.396 

128,00 

337.00 

50 

9.2993 

27.000 

184.00 

50 

.00336 

.91901 

.96878 

50 

6.6336 

16.000 

132.00 

50 

14.083 

94.000 

306.00 

50 

8.9765 

45.000 

182.00 

50 

4.4460 

29.000 

99.000 

50 

2.0970 

2.0000 

33.000 

50 

Simulation  run  time:  19.20  minutes. 
Simulation  run  conplete. 
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APPENDIX  C.  TABLE  OF  SIMULATIONS  RUNS 
(128  RUNS,  50  REPLICATIONS  EACH  RUN) 
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APPENDIX  D.  MULTIPLE  REGRESSION  ANALYSIS  -  SUMMARY 

OUTPUT 
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APPENDIX  E.  LINEAR  PROGRAMMING  SOLUTION 
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Microsoft  Excel  8.0a  Answer  Report 

Worksheet:  [SOLVERTHESISreducedtinie.xls]Sheet1 

Report  Created:  10/22/99  10:04:01  AM 


Target  Cell  (Min) 


Cell 

Name 

Original  Value 

Final  Value 

$A$4 

OBJECTIVE  FUNCTION 

961409.0555 

961409.0555 

Adjustable  Cells 

Cell 

Name 

Original  Value 

Final  Value 

$C$4 

LRUI  VARIABLES/SOLUTION 

1 

1 

$C$5 

LRU2  VARIABLES/SOLUTION 

5 

5 

$C$6 

LRU3  VARIABLES/SOLUTION 

5 

5 

$C$7 

LRU4  VARIABLES/SOLUTION 

3.155513652 

3.155513652 

$C$8 

LRUS  VARIABLES/SO'LUTION 

1 

1 

$C$9 

SRU2  VARIABLES/SOLUTION 

1 

1 

$C$10  SRU4  VARIABLES/SOLUTION 

10 

10 

Constraints 


Cell  Name 

Cell  Value  Formula 

Status 

Slack 

$D$4  LRUI  CONSTRAINTS 

0.132900001  $D$4=$E$4 

Not  Binding 

0 

$D$5  LRU2  CONSTRAINTS 

1  $D$5>=$E$5 

Binding 

0 

$D$6  LRU3  CONSTRAINTS 

5  $D$6>=$E$6 

Not  Binding 

4 

$D$7  LRU4  CONSTRAINTS 

5  $D$7>=$E$7 

Not  Binding 

4 

$D$8  LRUS  CONSTRAINTS 

3. 1 5551 3652  $D$8>=$E$8 

Not  Binding 

2.155513652 

$D$9  SRU2  CONSTRAINTS 

1  $D$9>=$E$9 

Binding 

0 

$D$10  SRU4  CONSTRAINTS 

1  $D$10<=$E$10  Not  Binding 

4 

$D$11  CONSTRAINTS 

5  $D$11<=$E$11 

1  Binding 

0 

$D$12  CONSTRAINTS 

5  $D$12<=$E$12  Binding 

0 

$D$13  CONSTRAINTS 

3.155513652  $D$13<=$E$12 

1  Not  Binding 

1.844486348 

$D$14  CONSTRAINTS 

1  $D$14<=$E$14  Not  Binding 

4 

$D$15  CONSTRAINTS 

1  $D$15<=$E$1£ 

i  Not  Binding 

9 

$D$16  CONSTRAINTS 

10  $D$16<=$E$16 

i  Binding 

0 

$D$i7  CONSTRAINTS 

1  $D$17>=$E$17  Binding 

0 

$D$18  CONSTRAINTS 

10  $D$18>=$E$18 

1  Not  Binding 
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APPENDIX  F.  SIMULATION  OUTPUT  -  COALITION  MODEL 
(SEA  MODE,  CURRENT  INVENTORY  LEVELS) 


75 


Observation  Intervals 


Min— ■ 


Avg 


95%  CL 


NC  (LRU_1 
DEPOT  EXIT  C> 


22 


115 


161 


NC (LRU_2 
DEPOT  EXIT  C) 


43^ 


185 


NC (LRU_3 
DEPOT  EXIT  C) 


81[ 


298 


NC (LRU_4 
DEPOT  EXIT  C) 


130 


305 


NC (LRU_5 
DEPOT  EXIT  C) 


30 


88.1 


i 

1 


143 


NC<SRU_2  6^27 

DEPOT  EXIT  C)  ^2.4  15.5 


NC (SRa_4 
DEPOT  EXIT  C) 


87 


Output  Summary  for  50  Replications 

Project:  ARG_BRA  (50  ACFT;  LRUs=5, 5, 5, 5, 5;  SRUs=10,10) 

Run  execution  date  :  10/18/1999 

Analyst:  M_M  Model  revision  date: 

10/18/1999 


OUTPUTS 

Identifier  Average  Half -width  Minimum  Maximum  # 

Replications 


NC(LRU_4  DEPOT_EXIT_C)  205,12 
NC{LRU_2  DEPOT_EXIT_C)  102.58 
DAVG (OPERATIONAL  AVAIL  .88838 
NC(LRU_5  DEPOT_EXIT_C)  80.440 
NC{LRU_3  DEPOT_EXIT_C)  177.72 
NC(LRU_1  DEPOT_EXIT_C)  106.84 
NC(SRU_4  DEPOT_EXIT_C)  55.020 
NC(SRU_2  DEPOT  EXIT  C)  13.980 


10.167 

130.00 

305.00 

50 

9.0299 

43.000 

185.00 

50 

.00470 

.83537 

.91855 

50 

7.7029 

30.000 

143.00 

50 

10.499 

81.000 

298.00 

50 

7.9589 

22.000 

161.00 

50 

4.0398 

33.000 

87.000 

50 

1.5579 

6.0000 

27.000 

50 

Simulation  run  time:  17.87  minutes. 
Simulation  run  complete. 


-Max 
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APPENDIX  G.  SIMULATION  OUTPUT  -  COALITION  MODEL 
(AIR  MODE,  REDUCED  INVENTORY  LEVELS) 
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Observation  Intervals 


Avg 

Min  —■^■11 — i  Max 

95%  CL 


NC  (LRU_1 
DEPOT  EXIT  C) 


42h 


7^1  i 


88.7^105 


173 


NC  (LRU_2 
DEPOT  EXIT  C) 


43^ 


99.9^116 


186 


NC  (LRU_3 
DEPOT  EXIT  C) 


13H 


302 


NC (LRU_4 
DEPOT_EXIT__C) 

NC (LRU_5 
DEPOT  EXIT  C) 


145h 


21 


201  ■  226 


309 


34^- — 

r-c  “7  •  “ 


^  65.7^77.9 


122 


NC(SRU_2  .30 

DEPOT  EXIT  C)  ^3.5  16.6 


NC<SRU_4 
DEPOT  EXIT  C) 


32[ 


5^4 


53.4’^61.3 


86 


Output  Summary  for  50  Replications 

Project:  ARG_BRA  (reduced  transp.  Time;  LRUS=1,  5, 5,  3, l;SRUs=l, 10) 
Run  execution  date  :  10/22/1999 

Analyst:  M_M  Model  revision  date: 

10/22/1999 


OUTPUTS 

Identifier  Average  Half-width  Minimxom  Maximum  # 

Replications 


NC(LRO  4 

DEPOT  EXIT 

C) 

213-14 

12.735 

145.00 

309.00 

50 

NC{LRO  2 

DEPOT  exit' 

C) 

107.82 

7.9999 

43.000 

186.00 

50 

DAVG  (OPERATIONAL  AVAIL 

.89206 

.00332 

.86392 

.91178 

50 

NC(LRa  5 

DEPOT  EXIT 

C) 

71.800 

6.1238 

34.000 

122.00 

50 

NC(LRa  3 

DEPOT  exit' 

C) 

202.34 

10.052 

131.00 

302.00 

50 

NC (LRO_l 

depot_exit' 

C) 

96.620 

7.9696 

42.000 

173.00 

50 

NC(SRa_4 

depot_exit“ 

C) 

57.360 

3.9905 

32.000 

86.000 

50 

NC{SRa  2 

DEPOT  exit' 

C) 

15.020 

1.5804 

7.0000 

30.000 

50 

Simulation  run  time:  16.45  minutes. 
Simulation  run  complete. 
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